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REMARKS 



Claims 2 through 9 and 11 through 13 are pending in the 
instant application. Claims 2 through 9 and 11 through 13 have 
been rejected. Claims 5 and 13 have been amended. New claims 
14-16 have been added. Support for these amendments is provided 
in the specification at page 26, lines 11-26 and Example 3. 
Thus, no new matter is added by these amendments. 
Reconsideration is respectfully requested in light of these 
amendments and the following remarks. 

I. Objection to Disclosure 

The disclosure has been objected to as the Examiner suggests 
that the meaning of USP 24<1211> and USP 24<71> is uncertain. 
The Examiner suggests that the purpose of the and symbols 

in unclear and it is uncertain as to whether USP is an 
abbreviation or stands for something. 

The USP is a very large volume reference text updated and 
published annually. Use of this text and identification of 
protocols described therein is performed routinely by those 
skilled in this art field. Thus, the skilled artisan, upon 
reading this application would understand what is meant by the 
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references at page 8. 

However, in an earnest effort to advance the prosecution of 
this case. Applicants have amended the specification to define 
the term USP as U.S. Pharmacopoea. Further, in accordance with 
the Examiner's suggestion. Applicants are providing herewith 
copies of pages from the U.S. Pharmacopoea for these sterility 
tests. These pages make clear that USP is the abbreviation used 
for reference to this well known text and that the protocol names 
are inclusive of the symbols and 

Withdrawal of this objection to the specification is 
therefore respectfully requested. 

II. Rejection of Claims 5-8 under 35 U.S.C. § 112, second 
paragraph 

Claims 5-8 have been rejected under 35 U.S.C. § 112, second 
paragraph as being indefinite for failing to particularly point 
out and distinctly claim the subject matter which applicant 
regards as the invention. In particular, the Examiner suggests 
that claim 5 is confusing and unclear for requiring a method of 
producing the scaffold or matrix of claim 13 without setting 
forth steps for a complete process to make the scaffold or 
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matrix. In particular, the Examiner suggests that the step of 
cross-linking the co-precipitate needs a step of producing the 
co-precipitate . 

Thus, in an earnest effort to advance the prosecution, 
Applicants have amended claim 5 in accordance with teachings at 
page 16 to include a step for co-precipitation. This amendment 
is clearly supported by teachings in the specification and thus 
does not constitute new matter. 

Withdrawal of this rejection under 35 U.S.C. § 112, second 
paragraph, is respectfully requested in light of this amendment. 

III. Rejection of Claims 2-9 and 11-13 under 35 U.S.C. § 103(a) 

Claims 2-9 and 11-13 have been rejected under 35 U.S.C. § 
103(a) as being unpatentable over Yannas et al. (U.S. Patent 
4,060,081) or Yannas et al. (U.S. Patent 4,280,954) in view of Li 
(U.S. Patent 5,674,290). The Examiner suggests that it would 
have been obvious to use electron beam radiation to carry out 
irradiation sterilization of the composition of Yannas et al. 
('081) or Yannas et al . ('954) as suggested by Li disclosing 
electron beam irradiation as an alternative to gamma irradiation 
for sterilizing the implant made of a cross-linked co-precipitate 
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of collagen and glycosaminoglycan . The Examiner suggests that Li 
discloses a gamma irradiation dosage of 15 to 35 kGy and it would 
have been obvious to employ a similar dosage when using electron 
beam irradiation. Further, the Examiner suggests that the 
crosslinking conditions disclosed by Yannas et al. (^081) or 
(^954) would inherently provide a cross-linkage density as 
claimed to stabilize for electron beam radiation. In addition, 
the Examiner suggests that the percent glutaraldehyde in claims 6 
and 8 is not unobviously different from the concentration of 
glutaraldehyde used by Yannas et al. ('081) and ('954). 

Applicants respectfully traverse this rejection. 

At the outset. Applicants respectfully disagree with the 
Examiner regarding the relevance of Li et al. to the instant 
invention. The matrices of Li et al. do not contain GAG, a 
required element of the matrices of the present invention. 
Further, Li et al. do not disclose any long-term stability of 
their biopolymer implants following gamma irradiation and merely 
provide a vague suggestion that e~beam irradiation may provide an 
alternative source of irradiation. Accordingly, teachings of Li 
et al. provide no predictability of success with respect to the 
instant claimed invention. 

Applicants are providing herewith Declarations by Timothy 
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Malaney and Donald Nociolo, both of which describe experimental 
attempts to terminally sterilize collagen-GAG matrices. 

As discussed in paragraph 3 of Timothy Malaney' s 
Declaration, while a collagen-chondroitin-6-sulf ate matrix 
produced by Marrion Labs which was similar in components to the 
instant invention performed satisfactorily in initial testing 
following terminal sterilization by gamma irradiation, the 
product did not perform adequately over time. Specifically, over 
time there was observed tearing of the collagen matrix, a sticky 
silicone bilayer and an unpleasant odor associated with the 
product upon opening. See paragraph 3 of Timothy Malaney' s 
Declaration. 

As discussed in paragraph 2 of Donald Nociolo's Declaration, 
Integra, the assignee of the instant application, has performed 
multiple tests on the effects of gamma irradiation doses, 
temperature of storage and various packaging configurations on 
collagen-GAG co-precipitates in an attempt to develop a stable 
terminally sterilized matrix. Like Marrion Labs, Integra found 
that initial post sterile testing of their collagen-GAG matrix 
terminally sterilized by gamma irradiation was acceptable. 
However, the product failed to meet multiple release 
specifications during its stability tests. See paragraph 3 of 
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Donald Nociolo's Declaration, 

The multiple failed attempts described in Timothy Malaney' s 
Declaration and Donald Nociolo's Declaration clearly demonstrate 
that the teachings of Li et al, are not predictive of success 
with respect to terminal sterilization of the instant claimed 
collagen-GAG matrix by either gamma radiation or e-beam 
radiation. 

Further, Applicants respectfully disagree with the 
Examiner's suggestion that Li's disclosure of use of gamma 
irradiation at a dosage of 15 to 35 kGy would render it obvious 
to employ a similar dosage when using electron beam radiation. 
As discussed in paragraph 5 of Timothy Malaney' s declaration, a 
suggestion that gamma and e-beam irradiation are interchangeable 
is not consistent with what is known in the art. For example, it 
is known that e-beam irradiation has less penetrating power than 
gamma irradiation. See paragraph 5 of Timothy Malaney' s 
Declaration. Further, it is known that e-beam irradiation is 
more dependent upon product density, orientation, and packaging, 
as compared to gamma irradiation. See paragraph 5 of Timothy 
Malaney' s Declaration . 

Thus, it was only upon actual testing of e-beam terminal 
sterilization of the instantly claimed collagen-GAG matrix with 
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increased crosslinkages that Integra was able to establish that 
e-beam irradiation provided for a more accurate and controlled 
delivery of a desired dose of irradiation as compared to gamma 
irradiation and resulted in a sterile product that retained 
acceptable properties upon initial testing as well as stability 
testing over time. See paragraph 4 of Donald Nociolo's 
Declaration. 

Further, Applicants respectfully disagree with the Examiner 
that the crosslinking conditions disclosed by Yannas et al. will 
inherently provide a cross-linkage density to stabilize for 
electron beam radiation. It is well established that the extent 
of glutaraldehyde crosslinking is dependent not only upon 
concentration but also upon conditions, i.e. pH, buffering agent, 
etc. The glutaraldehyde crosslinking conditions taught in Yannas 
are different from the glutaraldehyde conditions taught in detail 
in the Examples of the instant application. For example, Yannas 
is silent with respect to the pH of the glutaraldehyde solution 
while the instant application teaches glutaraldehyde in an acetic 
acid solution. Further, when Yannas does teach an acid, it is 
citric acid. Yannas also teaches soaking and storage at a pH of 
7.4, while a pH of about 5.5 is taught in the instant 
application. 



Attorney Docket No- : 
Inventors : 
Serial No, : 
Filing Date: 
Page 15 



INT-0004 
Mattern et al . 
10/002,653 
October 19, 2001 



Thus, in an earnest effort to advance the prosecution of 
this case and to distinguish the present invention from teachings 
of Yannas, Applicants have amended the claims in accordance with 
teachings in Example 3 of the specification to clarify that the 
scaffold or matrix comprising a collagen and glycosaminoglycan 
co-precipitate of the present invention is cross-linked with 
glutaraldehyde at a density of cross-linkage and under conditions 
which stabilize the scaffold or matrix toward electron beam 
radiation at about 15 to about 80 kGy so that the matrix or 
scaffold retains characteristics to function as a structural 
support for cell and tissue ingrowth. Further, Applicants have 
added new dependent claims 14 and 15 specifying that the 
conditions of cross-linkage comprise glutaraldehyde in an acetic 
acid solution. No new matter is added by these amendments. 

Further details of these conditions necessary to practice 
the instant claimed invention are set forth in explicit detail in 
the specification, for example in Example 3, and need not be set 
forth explicitly in the claims. See MPEP § 2164.08, W.L. Gore & 
Assoc., Inc. V. Garlock, Inc. 721 F.2d 1540, 1558, 220 USPQ 303, 
316-17 (Fed. Cir. 1983) and In re Johnson, 558 F.2d 1008, 1017, 
194 USPQ 187, 195 (CCPA 1977) which state that one does not look 
to the claims but to the specification to find out how to 



Attorney Docket No.: INT-0004 
Inventors: Mattern et al. 

Serial No. : 10/002,653 
Filing Date: October 19, 2001 

Page 16 

practice the claimed invention. 

Also set forth in explicit detail in the specification, for 
example in Examples 4 and 5, are methodologies for establishing 
that the density of cross-linkage as well as the conditions of 
cross-linkage with glutaraldehyde are adequate to stabilize the 
scaffold or matrix toward electron beam radiation at about 15 to 
about 80 kGy and provide for a matrix or scaffold which retains 
characteristics to function as a structural support for cell and 
tissue ingrowth as claimed. 

Since the instant claimed invention contains limitations not 
taught or suggested by the combined teachings of the cited 
references and its success is not predicted by the combined 
teachings of the cited references, the instant claimed invention 
cannot be obvious over the combined cited references. See MPEP 
2143. 

Withdrawal of this rejection under 35 U.S.C. 103(a) is 
therefore respectfully requested. 

IV. Rejection of Claims 2-8, 12 and 13 under 35 U.S.C. § 102(b) 

Claims 2-8, 12 and 13 have been rejected under 35 U.S.C. 
102(b) as being anticipated by Yannas et al. ('081) and ('954). 
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The Examiner suggests that the cross-linked collagen/ 
glycosaminoglycan matrix of Yannas et al. is inherently cross- 
linked sufficiently to retain characteristics as required by the 
claims . 

Applicants respectfully traverse this rejection. 

As discussed in detail in Section III, supra^ the extent of 
glutaraldehyde crosslinking is dependent not only upon 
concentration but also upon conditions, i.e. pH. The 
glutaraldehyde crosslinking conditions taught in Yannas are 
different from the glutaraldehyde conditions taught in detail in 
the Examples of the instant application. For example, Yannas is 
silent with respect to the pH of the glutaraldehyde solution 
while the instant application teaches glutaraldehyde in an acetic 
acid solution. Further, when Yannas does teach use of an acid, 
it is citric acid. Yannas also teaches soaking and storage at a 
pH of 7.4, while a pH of about 6.5 is taught in the instant 
application. 

Accordingly, in an earnest effort to advance the prosecution 
of this case and to distinguish the present invention from 
teachings of Yannas, Applicants have amended the claims to 
clarify that the scaffold or matrix comprising a collagen and 
glycosaminoglycan co-precipitate of the present invention is 
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cross-linked with glutaraldehyde at a density of cross-linkage 
and under conditions which stabilize the scaffold or matrix 
toward electron beam radiation at about 15 to about 80 kGy so 
that the matrix or scaffold retains characteristics to function 
as a structural support for cell and tissue ingrowth. Further, 
Applicants have added new dependent claims 14 and 15 specifying 
that the conditions of cross-linkage comprise glutaraldehyde in 
an acetic acid solution. Support for these amendments is 
provided in Example 3 of the instant application. Thus, no new 
matter is added by these amendments. 

Since Yannas do not teach the claimed glutaraldehyde 
crosslinking conditions which are demonstrated in the instant 
application to provide for a scaffold or matrix stable toward 
electron beam radiation at about 15 to about 80 kGy so that the 
matrix or scaffold retains characteristics to function as a 
structural support for cell and tissue ingrowth, these references 
cannot anticipate the claims as amended. MPEP § 2131. 

Withdrawal of this rejection under 35 U.S.C. 102(b) is 
therefore respectfully requested. 
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V. Conclusion 

Applicants believe that the foregoing comprises a full and 
complete response to the Office Action of record. Accordingly, 
favorable reconsideration and subsequent allowance of the pending 
claims is earnestly solicited. 



Respectfully submitted. 




Date: October 7, 2004 



LICATA & TYRRELL P.C. 
66 East Main Street 
Marlton, New Jersey 08053 



(856) 810-1515 
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Certfflcate of Facsimile Transmission 

I hereby certify that this paper is being facsimile 
transmitted to the Patent and Trademark Office on 
the date shown below. 



On October , artnA 



Kathleen A. Tyrrell, Reflistration No, 38,350 
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Naff, David M. 
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Collagen/Glycosaminoglyeaii 
Compositions for Use as Terminally 
Sterilizable Matrices 

"Express Mail" Label No. EV505928201US 
Date of Deposit October 7. 2004 

I hereby certify that this paper is being deposited 
with the United States Postal Service "Express Mail 
Post Office to Addressee" service under 37 CFR 1 .10 
on the date indicated above and is addressed to the 
Mail Stop, Commissioner for Patents, P.O. Box 1450 
Alexandria^VA 22313-1450. ^ 



By ^nMxjhj L 



Typed Narfie: Kathleen A. Ty 




fo. 38,350 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Dear Sir; 



Declar ation by Donald Nociolo 

I, Donald Nociolo, hereby declare: 

1. I have a Bachelor of Science in Industrial 
Engineering from Rutgers University, and an MBA from 
Fairleigh Dickinson University. Prior to joining Integra 
LifeSciencfes Corporation, I worked in . Engineering and 
Manufacturing management positions in Johnson and Johnson's 
Ethxcon Division, and before that at Labatf s Johanna Farms 
Division. I am currently the Senior Vice President of 
operations at Integra LifeSciences, and I've worked with 
Collagen/GAG matrices and scaffolds for the past 11 years 
at Integra LifeSciences. 
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examinina tL LJf ^^^""^ performed multiple experiments 

Seriture of f ' °^ ^^^^^^ ^^^^ irradiation doses, ' 
temperature of storage, and various packaging 

configurations in an attempt to develop a stable matrix 
which upon sterilization would retain suitability ^o'.^s 
S'pr'di^t'tls't'^' therapeutic use. m these experiments, 
TrlailitT^ tested was a collagen and glycosaminoglycan co- 
rnXr:aM::'"'^"'^' ^^^^ ^lutaraldehyde and packaged 

3. While Li et al. (U.S. Patent 5,674,290) teaches 
that gamma irradiation can be used to sterilize an implant 
comprising reconstituted biopolymer which does not contain 
GAG, m experiments performed at Integra, we found that 
gamma irradiation was not an acceptable means for 
sterilization of our particular collagen-GAG matrix. The 
Integra matrix was gartima irradiated at a minimum dose of 18 
.?fJ^' K ^"^tial post sterile testing was acceptable, 
although there were some handling issues. However, the 
product failed to meet multiple release specifications 
during its stability tests. 

4. It was only upon testing of sterilization with e- 
beam irradiation in combination with increased crosslinking 
that we found we could provide for more accurate and 
controlled delivery of the desired dose of irradiation as 
compared to gamma irradiation, resulting in a sterile 
product that retained acceptable properties both on initial 
testing and during stability testing. 

I further declare that all statements made herein of 
my own knowledge are true, and that all statements made on 
Information and belief are believed to be true and further, 
that these statements were made with the knowledge that 
willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 
1001 Of Title 18 of the United States Code, and that such 
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Willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 




Date 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



ttorney Docket No.: lNT-0004 



Mattem et al. 



Inventors : 
Serial No. : 
Filing Date: 
Examiner : 
Group Art Unit: 1651 
Title: 

Certificate of Facsimile Trandmi^sion 

I hereby certify that thl$ paper is being facsimile 
transmitted to the Patent and Trademark Office on 
the date shown below. 

On October . 2004 

Kathleen A- Tyrrell, Registration No. 38,350 



Assistant Coimiissioner for Patents 
Washington, D.C. 20231 



10/002,653 
October 19, 2001 
Na££, David SS. 



Collagon/Glycosamlnoglyci 
Congpositions for Use as Terminally 
Sterilizal>le Matrices 



"Express Mail" Label No. EV505928201 US 
Date of Deposit October 7. 2004 

I hereby certify that this paper is being deposited 
with the United States Postal Service "Express Mail 
Post Office to Addressee" service under 37 CFR 1.10 
on the date indicated above and is addressed to the 
Mail Stop, Commissioner for Patents, P.O. Box 1450 
Alexandria^VA 22313-1450 




Dear Sir: 



Declaration by Timothy Malaney 

I, Timothy Malaney, hereby declare: 

1 . I have a Bachelor of Arts degree in Chemistry 
from the University of California, San Diego. Prior to 
joining Integra LifeSciences Corporation, I worked in 
academic and industrial positions as a protein chemist. 
During that time, I worked extensively with various 
crosslinking chemistries. As a Research Scientist, at 
Integra, I have worked to characterize collagen matrices. 
This included the characterization of different 
crosslinking chemistries ^ mechanisms of degradation, 
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effects of sterilization and development of new matrices 
based on this work. 

2. The prototype Integra matrix was initially 
developed at Marion Labs and is composed of collagen and 
chondroitin-6-sulfate and used the same chemicals as the 
instant invention, albeit at a different concentration, to 
crosslink the matrices. 

3. The Marrion Siles suggest that the initial tests 
of gamma sterilization of their product were satisfactory 
but that the product did not perform adequately over time. 
Among the results noted were tearing of the collagen matrix 
associated with a sticky silicone bilayer and an unpleasant 
odor associated with the product upon opening. The end 
product resulting from this prototype thus was prepared 
aseptically since attempts at terminal sterilization were 
unsuccessful . 

4. While Li et al. (U.S. Patent 5,674,290) teaches 
that gaiTupa irradiation can be used to sterilize an implant 
comprising reconstituted biopolymeric implant, there is no 
data presented in Li et al. relating to stability over 
time. My review of the Marrion data as well as my work at 
Integra indicates that testing immediately after 
sterilization is not predictive of product stability. 
Thus, data presented by Li et al. is in no way predictive 
of a successful product stable upon storage. 

5. While both gamma and e-beam irradiation sterilize 
in a similar manner, e-beam irradiation has less 
penetrating power. It is more dependent on product density, 
size, orientation, and packaging. Furthermore, the 
variation in the magnitude of the irradiation is much 
greater and more difficult to control with gamma than with 
e-beam irradiation. To assert that gamma and e-beam 
irradiation are interchangeable is inconsistent with the 
known art. 



I further declare that all statements made herein of 
my own knowledge are true, and that all statements made on 
information and belief are believed to be true and further^ 
that these statements were made with the knowledge that 
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willful false statements and the like so made are 
punishable by fine or izt^risonment, or both, under Section 
1001 of Title 18 of the United states Code, and that such 
willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 




Date 



ifsiii«iw?/2tf SfBCJES-^By means of an moculatmg loop, 

^^BfjlliaBt Green i^ai Mcdiwn, Xylo^ 
.^.Mediuni, and Bismutii Sulfite Agar Medium con- 
rdbbesj-Covcr and. invert tlie dishes, and mcub««c. 
[pn, if none of the coloiries confaTOS to the dflscrip- 
laSk ^ specimeiaiiic^ teqoiieixicins of the test 

olodc ChAT^ctedatjks iiiSalmonkUa Sped«s on 

ChanicteagtiQ Colonial Morphology 

f^teoi Small, tzansparent, colorless or pink to 

white opa<|ue (froquondy smrounded 

by pink to red zone) 

' Red, vd^ or without blade centecs 



Blade or gree& 

oiijes.of Qr&m-ncg&tivc tods xnatchiag the description m 
Iflie fibimd, proceed with forfjec idendficalioD tnnsfeiring 
I'tstive suq)^ cokmies mdividaally^ by mcsns of w inocolflt- . 
,abutt-*l35t^ofTxTW^5ngai>iozi-/^ 
die sui&ce of the slam and tbea stabbing the wise mli 
ll^stn^: hxcabatc. If ex amin atio n djisdo$c;8 no evideac^ of 
liinfi (red), slants- awl acid.(yeUc)rw) bults (with or 
tt^t. Magarenfng of i^e.butt from hydcogen^'SulUe 
; Gpfidmesi meets tequixements of Aie test for the 

iiBi^'Sfcherithia coli—'&y' mams jof an inootlating loop, 
Jj^gsatom theTemaming Fluid LdCCose Medhun on sur- 
tM^3^<sy> Agsr MedhuxL Cover and invert the dishes* and 
1 ejEsmination, if none of the coloniefi confcnm to ^ 
i in Table Sforibk medium, Ac ^ecimen meets 4u? 
\ ottiie test for absence o£ Escherichia colL 

'^^'^S.VLix^^ tAEnhcriehkt coU on 

. : ' MacCottk^y Agftr Mediimi 



i;^^^;;^^! ^^^ stain Oaniaenstio Colonial Morphoiogy 



>jegamt« 



>)(^gjmve rods 



Bridc-red; 
of predpitati 



bav< smovmding sovic 
"Is ^ 



he pUteslod^di 
cdin TJitfe^^ 

; <K mo^e of i» 

inirjs or disks 
is no cevelo] 

i by other sutow 

amine the in^fiJ ^ 
miiy shaJcing; - 
•cly,lOmLofFW 
,atc Medium, ffft 
under oftheFW* 



)}£iics- TTffl<r>iinp thd descnpdoA m Tbble 5 are founds P^^^eccd 
j|i£qf {(Sntdficaiioii by «an$fi^tcmg die suspect cobnies indivir 
•i^lf^dSSins of an inocma&g loop, to tfie airfece of Levine Eo- 
*f?Eidene Blue Agar Medium, .plated on pctri dishes. If 
e%&''cblbmes are to be transfcxrcd, divide the sui&cc of each 
^i«to gnadOTits, each of which may^.be seeded from a gppffaie 
Cby^'aad invert meplatas^and i[i]cubat& .Upon cxaminadoiii, 
of ttie cokmiea exhibits both a chataozeiistic metalhc ^heen 
^^eb^ ii^ «kda^ih:e4>Iau^a{?peaviQioen^^ 

bp^cbtieo meets the requixi(?mcnW of test ibr the absence 
••J^is coLi. The piesexuce of Escherichia coU vassjf bo con- 
by forttier auiiable cidnmil and biodiooical tests. 



^itottl, oosfinastory evidence nay be obtained by use of pjocedures set 
Methods ^Anafysis of the AOAC, 12tb ed. 097S\ Bccdoiis 




Total Combined Molds and Yca«ts Count— )Pri>eeed as £or the 
Piate hidhod uadcr Total Aerobic Microbial CounU ejccept for using 
the same amonnt of Sahouraud Dexiiosc Agar Mt^um or Potato 
Dextrose Agar Modhnn, instead of Soybean Casein Dige^ Medium, 
and excqpit 5ar mcnbaSang the mvcrtad pctri dishes' fiw 5 to 7 days a? 
20^ to 25°. • ' 

— jf Qf the pmpose of coniinning a doubtful result by any of 
the procedmes outhoed ijn tiic fbregoing tests following their appHca- 
tion to a lO.O^g ^ecimen, a retest bn a25-g specnncn of the product 
may be conducted Proceed as directed iinder Proe^^dura^ buk nwJfce 
allovpance jEbr the laiser specimen size* 



(71) STERXLITY TESTS 



The following procedures are ^Hcable for dcnsTToining whciher a 
Phaimacopeial article purporting to be steiik conq;>lies with the ie- 
quiieniaits set fbnh in the individua] monogt^h with respect to 
the test for sterility. Phaimacopaial fancies are to be tested.by die 
MembrcmeBltraHmMsthodjmkscIlejtJ^cedure^ where the nature 
of fl» product pcmiits. If themeiiibrancfilttatioQtetjiiuqueisuns^ui- 
tabl^'nae^Dn'ect Tftifisfer Method vXk^ Test I'wcedures. All de- 
vices, witti ihis exception of Devices )yith Pazhways Labeled Sterile, 
are tested using the Direct Transfer Metho± ProvisiionS for retesting 
inchided under Interpretf;aion of Test Results. Because sterility 
te$tin'e is a viy exacting pfdcedurc, where asepsis of the prpcedure 
must be ensurpd fbr a correct InlQ^ptetaiion of lesulus/it itnponam 
^at personhel be properly trained and quaMed- 

These Pharmacopeial procedures are not by iheraselvcs desijgned 
to ensure fii^ a batch of product is sterile or has be«n sterilized. This 
i$ accoonphshed primarily by vslidanon of the st6nbisati:oa process or 
of the ascptiP prcocessing proccdmeSw. 

When evidence of microbial contaxninaiion in ±c article is ob- 
tained by iba ^pitrpiiare Phannacoj^^tal methods^ the result so ob- 
taiued is conclude evidence of &ilure of the ardclc to meet the 
xet^Uij^josiecats of the test ibr steiifity, even' if a different rfisilh is ob- 
tained by an aiteuiative procedure. For additional information on 
sterility testing, see Sterilizadon and Sterility Assurmce ofContpen- 
diaUrticI&T^Zn). 



MEDIA 

Prepare media for the tests as described below, cr deiwdrated for- 
mulations.nifly be used provided thai, when reconstituted, as directed 
by the mMiiifectuier or msitrflrator, Ihey meet die io:iuiJW(nents of the 
Gtayink F'romoiion Test, VnLtss otherwise indScated elsewhere in this 
chspier, media axe sterihiied in autoclaves using a validated jnocess. 

Fluid- Thio^collate Mediiuai 

irQystinc ' , J-^e 

Sodium. C^onde ... 1 2.5 g 

DwdwsctCJHtA-H^O) 5.5 g 

Agaii granulated (moisture content not 

e3Sdmgl5%) O.JSg. 

Ve^ Extiact (uitcr-sotuble) 5.0 g 

Pancteanc Digest of Casein i^.O g 

Sodium Thio^coUate , 2*5 * 

or Thioglycolic Acid 0,3 mL 

Fjfisazunn Sodium Solution (1 in lOOD)^ 

freshly prepared , i;5 ^i" 

Purified Water LOOOmL 

■ DistaUod or dcionizwd v/vner can hft u3od insltwd of Purified 'V/aicr, 

Mix and heat until solutiQ^ is effected. Adjust tlic pH of the solu- 
tion wi^ 1 N 50diurahydj:oxi450 that after fiieriUsition it win have a 
pH of 7.1 ± 0.2. Filter whiie.h0ifctiirough a filter paper, if necessary. 
Transfer the medhnn to suitflM^ oontpncis ttiarpro-iride aiatio of snr- 
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fecc to dfiprth of niwiiuiii «uoh lliat not mose tbai* tiic i^per half of the 
medium has wd^gottc a cokr change indicative of oxygen . uptake at 
the end of the incubatioa period; and Bitnilizfi dnectM afco^e. II 
more tSjan the i^iper ojue-fiurd of the mcdiutn has a pink color, the 
»edhim may he restoced oacc by healing flie containers until tjie pink 
color dis«OT«rt. "Whtti ready for use, not more fljfla lh« wpcer one- 
liiiid of medium ia » oontainer should have a phik cob^ lowbaie 
mider aecohic oouditioss. 

Alternative ThioglycoUate Medium 

Prepare a mixture having tiie same couaposiitipn as that of The Fluid 
Thhglycottm MEdium, but omiltbg the agar and the rc^azurm so- 
dimn Bohltioa sterilize as directed above, and allow to cool prior to 
use. Hie pH after sterilization is 7.1 ± Incubate under anaerobic 
condidons fof the duration of the incubation period. 

Sajlieaii<!a$ei]i Digest Medium 

PfficTBatic Digest of Cascdn i|7.0 § 

Pwaic Dige^ of Soybean Meal 3*0 8 

Sodium Chloride 5,0 g 

Dibasic Pmasshim Pbosphate 2.5 g 

Dextrose {Q^rfirW^O) , ^ v 

Purified Water 1000 xaL 

Disaotve the solids in the wtcr, beating sii^itty ^ efifect a solution. 
Cool the solution to room tqmpcmtures and adjust the pH widi 1 N 
sodium hydroxide so that, after sterilization, it will have a pH of 7 J ± 
0 J. Filtffl; if nccessatyp and dispense imb suitable cootaincis. StetiKze 
as dixected above or by a validated filtiatioxi proce$s. Incubate under 
aerolnc conditions. 

Media for Penidnins or Ceplialosporins 

Wbere sterility te$t media arc to be used in 4te Direct Ttansfer 
MethcdmA&i Test Procedures, modify/ die pteparaSon of Fluid Thio- 
gfycoUate Medium and Soybean^Casein Dig^i Medium as follows. 

Table L Test Micrt^orgaiusms^ Suitable for Dse to liic Croivtk Pnmotlon Test an d tlie Pitlidation Tests for BactemstasisiwlFu 
Medium Microorganism Strain Tcmperiture 



To the containers of each mediumN transfer aficplically ^ 
/iMacumase sufficient to inactivate tlic amo\;ni of^? 
spocimen under lesL Detcnrinc die quantity of ^hct^n 
to inactivate thean^biotit by usimg E.i3-laciamaseprcp 
been assayed previously for its pcni<:iUin- or cephalost^.._ 
IP g power. [NOTE— Suppl«imentcd /3-lactaniase tncdi^ 
U5gd in die racmbT^ne filtration test.] 

AUcmadvely (in an area completely s^raie fro^j i 
arcrility letting)* confirm thai an sqipropiiatc amount of 
is incorponued into die Tnedium, fcllowing either method 
lidation Tdsts for SaCKrtosUvti^ and Funf^sitisis, using less 
colony-forming units (cfti) of Staphylococcus auHus ( 
29737) as the challenge. Typical microbial growth of t[ 
culture most be ob!>erved aa a eonfii-iltarioo that the ^Ai 
ccnbaiion is appropriate. 

SuitabiliLy Tests 

STERIUTY OK MEOJA 

Confirm die sterility of each sterilized baah of medsuta 
ing a portion of The batch at the sp<:cified incubadoi^ tcm 
not less than 14 days or by iiicubating uninocuiated ccm 
nogaciviB contioU during a sterility test procedure. .^j 



OaOWTh ?R0f4OTI0N TEST 

Each lot 0^ debydtticcd inediuni bearing the manu&ci 
tying number or each lot of mediuiT^ prej^red from basic ' 
tnusi be tested for its |rowlh-proinoting qualities. Scparai 
laie, in duplicaie. containers of each medium with less thaa 
microorganisms of each of the strains listed ia Table I, ani' 
according to *e conditions specifi'-xl. The lest media are s 
if visual evidence of grosvth app<$ars in all inoculated m 
taineiB whdiin 5 days of incubation. This test canbe conduf*^ 
tancously with the use of the rr.edia for sterility testp 
However, the sierility tcSl is considered invalid if the sterili 
media or this growh promotion test i$ not succcssfiJj- 



Condili 



Fluid thioglycollate 



Alternative 
S^)4jean casein 



SuxfhylocQiMiS aureus 
Fsiuiomorm aerugpioscr 
CbSDi^ium ^perog^nes'^ 
Chstridlm ^rogenes 

Bacillus std>tiUs 

Candida albicans 
AsoersUbfs nker 



aTCC 6538 
ATCC 9027 
ATCC 11437 
ATCC 11437 

ATCC 6633 

ATCC 10231 
ATCC 16404 



32.5 db 2.5* 
32.5 i 2.5' 
32 J ± 2-5'' 
3Z5 ± 2.5" 

22.5 ± 2.5" 

22i ^ 2,5* 
22.5 ± 



Birch" 



* AvBilaWc fium iha American T^pc Culimc Collccfion lOBOl Onivcrafay BNd, M«atiMa. VA 201 10-2209. 

* ASi alteniaiivc m S:apJiyJococcu^ avraa U BaciOw fuhulis (/CTCC 

* An altemafive to CUxiirldim spcroJI^, wAca a noosparc-f<anm>Xg IWCIOMpini*m o dcsmd. M ^ortavtdix ml^m (ATCC 

CNtoXB-^eed lot culture mamtfinaac^ are not more than five passages 

The ATCC cultmes.J 
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lediumbyio 
on t&inpcran, 
Ated eofttaioeql 



n basic in 
Separaidyl 
cssthan lOOn 
>le l»andb 

arc saiisL, 
[listed media c 
! conducted! 




\s <tnd Fuir 



' iiloi.c<nitamBrs>ititfy Gatix be used f6r"onfi monft; 
^'afc tested to giow& prompticm wito 
ge BQil lhatilie color jMicator xeqimtemovts are mculx 
(cODiBswss (see Preservation, Paehxaag^ Storage, <md 
S^^fCfin^^J^oHces and Requa^tmyi^wsiaft^^ 
i^Jtf^, provided:^ 

l^^ais of time of\ise «id tiiat ftc color mAcatortjeqaao^ 



^^^.ijjQSg iMEliI4-<^pffijEiierci9l1y prejpared' i6editf stored q> 

I^^^P*^ ™^ the <j>owift Prdtnokon T^I^c 'inej, 
„^.,ateidwiy-. • • • • ^ ; •• •• •. _ 

a^bkrayx; 1 g,i^f peptic digest of anioQdl tissue in 

' J 7"i i P^- Dispense 'iatp <?cnlaiiiCTS, Md.5tOT^ 
i^9^4;«0Me^ ' ' * [ ' ; 

I vftA4^&»fo>: PeMcOUas or Ccph^spormfr-^AseptiC^ly ^ 
LfifiW frtma-afum, if necesssiy, a quanttaiy of sterile ^cta- 
lkt'Mrfetttfo,fiBaotivate any residual antt'bie^c activity the 
l^ittiM ^Sa^mp sohitioo of tte hat specuuon hfifi bwai fiheied 
l(ttJlfe&iJ&rPfiffii/Alw <?r Cephah^/arint). 

Fluid D 

■ Tb^adi iit^of F/ttK/i4 add-1 mL of polyyabaie 80, adjust to a pH 
tf7.bii0.2, diwease into cantaincrs, flfld stcriiiM using a validated 
] pasS:XJse1ihUftaLd£6rarddescoixiiuiu^ 




CondidoBS 



aerobic 
aerobic 
aerobic 
anaerobic 

acrobk . 

a«rol5ic 



FtoidK 



tes removed fiojfl 



Dksolv* 5.0 g of peptic digest of animal tsSftHe, 3.0 g of bed* oc- 
M k^aiidiio,1)>g[ of po^^spzbate ^ in water to iMke 1 liter.. Adjus&te* 
fS(Q.o6&iQ,'^i|er.^d]x^on, apH of 6.9 ± 0.2, Dispense into conrv 
&Bs^ and steritocttsing a validatpd process, i . 

VALE&AIION TESTS FOR BAGTJEBIOSTASIS 
ANDFONGSSTA^IS 

BcKtto mgrij^ Ttjrig the use of a sterility test ptbdedttxt fer an article, 
^ that any baotsriOSE&iic and fimgisiatic idMty iuhexeat in tfac 
•fide to be tested'docs not adversely affea dic-ireliability of the test 
the test proceduie to beinstituted ts otbeiwise stdyile for use 
^ flrticIe.t'Prepate dilute cottincs of bactoiia and-'fimEi ftotn flic 
*<b6£ ft^toarsamsmB listed in Tsbte 1 to obfcwn a final concen- 
of Bodcrobisuusms in the psoduct of less im 100 <^.pcr xnL^ 
J^ltjifi loe^pd for ^|£b 



^W/t^^'A^toars^oisms listed in Tabte 1 ,to obisifi afi 
Jiwof Bodciobigaflisms in the product of less flm 100 _. 
Wl^tt 1^^ mcdfcod for eiidi mi^^ (Notb^. 
*^PtOB&duEe Of miodia specified imder'A/eAo^ / does qot eUmrndte 
^ao&iLcfobial activity, altenulive inedia or nentralia^erB can be 
^ Umg as diey are Cfip^le of ovaccnniog bacteriostasi9 or^fim- * 



lhv>cedure-^etlidtf{ iaiiiscd'fof Vaiidati6*i^of tiblct^iiost^ aod 
fimgistiisis by* the metfbRWe-filWtjon tnethpdj FLter ^"jspecififed 
guStity bfdie teit'gi&iimai, BsJ^g tbo same num*?ei*'of contauieis 
per single fillef'iiiit'of canisttt as.Tvm be used w tie stenWy test, 
tf n^osssaiy, nose the xaembrarve w^th a mkutmnn. of mEefrw OrqflH 
portions, of ^ appiopnaie dnsiAfif fiuil htfjcaiinte Ifac &3iiilfii^ 
loss than 100 cJtl Rcpcez ibednse'ptocediJre ottaiu>fcef filter ttiat has 
not been exposed to the ^peeimen^undfit test This ffltcr w^'sci^vc a^ 
the positive control. Place ifce filter or filter halves into lOO-mL fvot 
THnes of ftespecifiedxest aocdano' or add the spectfiedtoedram to Ac 
canister eontaining the membcane fi&cr. Repeat the pioccd\ice for me 
mpropriMesjniciooigBnjsmB rod media- Bpficifl.ed^t4ia>le U.andin- 
cubaiB the comainejs at ihe|5pP0piiatB temperaliuc for not more ikan 
7 days. " ^ ' " 

Interpretation— If ^ growiih of each test otiganlsid' m tbe test 
coittainOT is visually'COnipacBbie'** the growlli in the positive con- 
trol Dse the same amounts of article, smnber and vobukie of iinses^ 
acd medhmi whea condddii^felhi steriUty test 
test oiganisms:&11io test cacifttanicrsisjlw comparabifi to mat 

in the positive control, the aoiounit of article wed is bacteriostedc or 
fangisiaiic ^eet the test, qsmg a larger mnnber of rinses. Ch^c« 
in the iiw 9f jnccabyanc filter used i«id in fte use of nemraton^ 
• aeerite/if iiMabfe, "isay reduce the antimicrobisl effect of the article 

mL, M to neutratoc the ontiinicrobial lesidne on tbe test finer mem^ 
brane»piOceed vrilh the stcxility test 

..•/••■••■■r? -.-v. •■ •'•••iJleftodU ■, 

proccdar«-:-M^kod JTis used foi* dift validation of bacteriostasis 
and fiuigistasys by the direct tzansfet meibod. 3lnoculate two cOn- 
tanere of each Sierility test medhmi with less th^ 100 BbJi>ay-fi5iirf- 
ing ujiiis, nsiilB^e volume of mcdiiinx (s^e arable 3) for each 
appropriate micioorgamMn specified in Tablo 'l^ Add- the specified 
portion of the attide under test to one of i3ie inoculated cojitainers 
of each mediunL'the odlca: inoculated container li the posittveconv 
trpl. Repeat Ibe'proidixce for each.appiopriato TEicwmaift^'^and 
incubate die containers at the appr<^ate tempcianue for vOi Jnoip 
.4han7.daysj . ; ' " 

IntcrsrMtl^Dh-^lfthe giowihof thd fcstft o^psnisms m the teat oon- 
miner not visuaily coaqrar^ble to that of fiie moculaxed contiol wm- 
talma; tine artidc is bacteriostftlic or fbngistaric. The use of a smk 
i>e4tn>yzaj^'vagent,:5Udi as polysorbaie 80, lecitfini, azolectm, or p- 
lactamasei ^y be appropriate. If a neuaaiiang agent is not efBxtive, 
estabU^ suitable increased volumes of median. Use ibe smallest vot- 
Vttue of medijxxn.in wtiich the growth of test ojijjToorganisms m the 
'pwsebcc of fte siticle is not adversely a^pcfed. ^ (^TgiJ— If the 
' dium volume' is incrcesed to 2000 mL and.$ntS«ucrobijal activity is 
•Bhll pieseot proceed ^fb the sterility lest using ilie 2000 oiL of ine- 
diuij5-l* Volumes of medium greater ^ 2000 niL may be weeded for 
testing maiical devices, to permil coroplele imroetsion of th« device. 

'*' 

GENERAL UROCEDURS 
S&mpte Pteparatlon 

I^umba' of Articles to Be Tested— Unless .<;ljiefmsc upecfficd 
elsew^bW u this chapter or in the individual nionogreqph, test the 
mm^cr of articles specified in "ftble^- if the coDtexna^of . each article 
■ ■ arpof aufiicient qusnticy (sec Tables 3 aa4 4), the/ oiayibo.dividfid so 
V itoeoual woOTiiaieponior^ 
ia." (NOTC—rafoimstOTHty testing emS^^^ 
specified media.] If each article do^;8 not contaiasuffij^eat^o)!^^ 
fm: ipadianfldiuin, wsi& twiccAe nun^er.of art.pleB mdicatc^-ixi laolB 
2. ' ' ' 
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Tabfe 2. Miaimum Number of Ar^cle$ to Be Tesled In ReUtion lx> 
die Number of Articles In the Batch 



Number (^t Articloii 
in the Batch 



Number of Ankles 
in the-Baroh 



Number of Articles 
to Be Tested 



tnjcdhtix /for injeciions 
Not more tlian 1 00 anicles 

More tUan 100 but not more 

More than 5O0 arlielai 

tor hrgc-volamc parenterals 

Antibiotic ^ilids 
•^pliaraiacy bulk 

packages (< 5 g) 
— pharmacy bulk 

packages (> 5 g) 
^-b^lk^■ and bl^ada 



10% Of 4 arriclcSi whichever is 
greater 

2% or 20 nilicle}!, whicbevcii- i:^ 
lcs$ 

1% or 1 0 contsiincre^ whichever is 
less 



20 contataers 

See Solid Bulk ProducLs 



Products Not Intended for 

injecthff 
Not more than 200 articles 

More dm 200 anicles 

Not iTiore than ]00 acticles 

More th«o 100 but not mort 

than 500 articles 
More than 500 anicles 
. 1 

Up 10 4 CO wiiierft 

Marc Ihiin 4 bui aot more (hari 

50 C0Titainer<; 
More Ihzin 50 LOntHint:r.s 



5Voor2anicl6s,wbichev, 
10 anicles 

10% or 4 articles, whiciJ 
10 anicie$ 

2% or 20 articles, whicbe^ 

Each container 
20% 01-4 canfcainers, whid 
greater 

2% or IOcomainirs,whicl3 
greatar 



Table 3. Quancttks of Article for Liquid Produces' 



Miiiimttfli Volume, hi mU of Each Msidium 



Coniaiaer conlt^i (mL) 



Used for membrane orbalfi 
branc TTCprcscntuig total i 

Minhnuin volume taken from each U^cd for direct trcinjfcr oJ'voluttie volume from die appcopi 
product container for each mediuiP loJkcT) from each conli^incr^ number ol co! 




Le$$ than 10 I mL, or cndie contents if less than 

1 mL 

lOwlesjithanSO SmL 

50 U> than IQO 10 mL 

50 fo ledti ikun 1 00, intended igr ir>- !^ concern 

tiavenoiis admmi50rat{on 

100 to 500 contents 
Over 500 500 mL 
Anlibiotics (^OUid) 1 mL 



15 
40 
SO 
200 

N/A 
N/A 
N/A 



^ CunsdUiLe powder pmdiMw ^Qecrtfiny to th« nianuftenj rar^l unnictiunK, auil tluio ircui :« ti^kl fir(m\i«it, 
~ For ppodueu diu tampi b< luKtcd b)r ihi: mcmbiBiw fiiinKion tc« proccdun:. 



Tuble 4. Quantities of Article for Solid Products 



Containef cotirent 



Minimum quantity taken from 
each container for each medium 



Mmmtum Volumg. in mU of Each Medium 
Direci Transt<sr Membrane l^lrot[qi 



<50 mg 
>50 mfi-200 
200-300 mg 
300^00 mg 
>600 mg 

Andbioiic »oll Jfs 

fbr injection (< 5 g) 

for injectton, pharmacy bulk 

bulks and blends 
Suiigical dressings, cotton, 

gauze (in packages) 
Sunires and other individvudiy 

packaged binglo-usc matcnsls 
Other medical devices 



Whole ooaient 
Half the coma>r 

100 mg 

200 m$ 

200 mg 

150 mg 

(>5e) 500 mg 

See footnote^ 
lOO-mg portion 

Whole dcviceii 

Whole devices 
(Cut ift piecci^ or disassembled) 



200 mL 
200 mL 
20O mL 
200 ml 
200 ml 

200 mL 
200 mL 
21)0 m!. 
200 ml 

Not more than 2000 mL 

Not more dian 2000 mL" 



100 mL 
100 mL 
100 mL 
100 mL 
100 mL 

100 ml 
100 mL 
100 mL 
N/A 

N/A 



^ prtxJucb caniKii ho Icscd l>y ihc mcmbwnC ftl\mll<n» tol pKiccdorc. 
UttieSA die ilcvicc \> buEky :ind TTOrv ihim 2000 mL ij: needi.'d i<i >ubfVWrjiEC ihc Ucviu: in Uic mcUKim. 
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^ijrfid^s-:^<3iciit care mttstbc cxmsed Wliea opcnmg wj 
^^^Mfflple to be tested for stwiHty is not coirtammatc<t 
n^nresent on fte exterior of iJie cimsaner. The cj- 
fi-ef a&nls and dosiatss of wjd bottles mipt be 
T.a suiiSle decontamin^ ageni:. wntamefs 
^-iflt an enviroanwBt^iiiai'pr^^^ iccootanimatwm or 
«»e,dKai«*». Et'^ vial COTtcnia axe p«*ag«4 undDr vncmmu 
iffl^ by means of a suitable sank 4evwo, ^ « » 
al^S;^i^««nefiltCf holder cofltaimng a stoitopggr^m- 
^^sSi « purified cotton, 

Phafawc<?peial articles, dccontannnate tbe outer 

'^ffiZ ftf Ar*ae— using dac ifs^ntwc ^^/rmft<w Afctft- 
iS^ih^e sp^m ^^T9 ^ this cheptET or m the m- 
snevcr possible the entire coatcote of 
*n»"X;;j^"bii not less thatt flic qpantiticft ^cdfied in Table 3 
tfiL^PWh^^ thfi/)irtt^ Tran^ Method , m itt qo^- 
I'KblcjS'iia 4. ' 
fiiefliinH-Unlecsoflicn^e specified elBcwhere in fiiis 
Kke ittdivitJtial mottOBpapb, the volwme of roedimnjsed 
St less diari the voltSTisidic^ 
fies. (NoT^r— The final volume psed, bowcver. must 
^ - Tto ihe results of the KxJi^fa^'on rerty/^>*5^- 

rSff Coia*tion«T-Unlt5S oftenvisc specified e)$ewiiare in 
iormihciiidMAialmonogffpb, ia^Vte fw not lew tiia^ 
3i5 ± 2.5" for ihc P^tog-Z^oaf* Mcdfum or 3*^-^^ 
,<*jfflh(hc^&0*«'i^ ^edtmi,^£epx^^^ of tfxe 

£M3ibr stroll testing. Observe tiie tabes of media on ape> 
S ovw die 14 days of tncobatiDn- If &c test spccnnm is po- 
j-V^^fore 14 days of incubation, further ijjcubatioti not 

test cipecnneD &J noc less than 7 day?, rf the 
^^^TibmfiOrt is used. 

Testing Fadmies 

Sh?fill«wing types of fecilitics are nsed for sterility testing. 

sCtomofflS «tttf aewi Zon«6-A cleso room^st^^ test- 
rafidSfitV'i^ raaiiitflfeed unda wdcrobiolofiioal cwrtiol J«*^^.^ 
S for th^ critical zones in sn aseptic processing^ft^ 

mm^^ (1116)). Wben a clean aene is tjscd for stcmny tcstaig, it 
nsfcalso meet ttie same microbiological convol cdtcna. 
bobton— iBolfliors axe freo-standing cnvifonmems Aat allow 
Bijfidfegmlations to be made fiom outside the contfolkd envu- 
sahm^ls^abr systems protect the tot artiielc wd stcriHtytestsup^ 
pfiMfiotiitsbnlanBnailaa dnr^ 

iiitoclave or dcconiaminaifion porls'art ujod TWe mtafior 
«f llitWtoiBii5tal50 meet the same microbiological control cntep- 



TEST PROCEDUHES 
Membrane FOtratiau Method . 

Apparxius 

Asuiahfc m£anbia«e fijtor ujut consists of m assembly that ficil; 
*cthe.a^chanii^ of thete6t.3i(fcl^ and albjvs theptfoceey 
^aon&ite to be removed asepticaUy for transfer to uppropnaje BMjue 
» aa assembly where stesile media can be added to Ae sealed fflter 
^flie JiffiBsbrane incabated in situ- A membtfine suitable for "smm 
has a rating of 0.45 pm, and a diameter of approxmrt^ 47 
?»»lbfiaetnemt)(rafles have bydrophobic edges or low product bflid- 

pKsSkethatinterfe^ 

gkac*ttiosl»$x8 and fimgStesia. Fwpiodiicls that do not contem m- 



•«B5?y B\ib8tanoc$, wembianes without hydrophobic edges can be 
but wet tham prior to ie$tin6-lf iising a seakd filter, use one 
??5 designed to vweclttde product residues at the filtcr-umt ratw- 
J^^'is not necessBiY m use a mecoJ^e wids a'hydrophcbic edfijc. 
^ ^Itef Qoib and the iwoskaite'iaust be sterilized and stored m a 
^^»'- matalalns the perfonnance diaiacteristics of the filter and 



easmes ftat «ie filter ^2r*e assembly renxaia sterile. «c «Ji- 
^tebefe^ w an«^ andthefite as9OTbly_mustbc 

diOTOUghly dried befoiK use. • , 

Stim&'tsBit'.Mcm . .. ' 

LMuids Misdble wifli Aqueous vehidw— Agiiato the wrtjwlaer 

H«Mjb« of 9*eci»sos tosted eiaiw dtrecdy into one or more separate 
megnliiaae «ter w'ts or Jo «epM»te po^Kng vessels p7o»- to tamsfer. 
Immediatdypasseadi spe«hnen«H0ii^4efilttt*itb.tbcai^,ofvat- 
nwa orptSure. If oiily one filtetunicifi used, aseptiMJly mpavc jl» 
mcrobnw ftom 1bc hoWei^, fsul the mmbnm? « JjaU, amnefse 
half of flic membrane in each of the ^lecificd jn^ " ^ 
filter TOib art jised place an ceM nmljeror poitiffl»E.,of.lUto.mei»- 
braac in each Of ilie sp«ified media. If a closed aysiegi is v4^ fill sn 
equal nun*ei ot canisters with each of die specdied m^^a. 
[NarE^-DaDriBg oil jintnipnlatiojni; avoid excessrve aei^oa or tne 
Fbtid llih^i>colUtle MaSium.) . , ' . .• ..^'^^ 
If the Dioduct uader test has mhcttat Issetewoslatj! ,<» SijfeislaDc 
properdK or contains a preseivalive, use Fluid ^, awl pioceed « *: 

Fmpsuuis, but exclude iaoculaflon of tiie final nose vwfli chaUcnge 

"SSlninrisciWemai Aque<ij»Ydndc*--Pto.^^^ 
bTPrvceduze trader D^uUb MisiAU wift -i^ufiouJ Vehxdes. If the 
substance under test is a viscous liquid or^pewum andis noi adap- 
^le »i»id«ttaiioo,«^cany .dda suffie«irt 
propriatcdilumg fluid to dws pooled spseanoa p««r ^ fiJ*tat>OB to 

ineiease the flow rate. . , . ^it ...j w w,i,.,rt«t 

If (he flibstance raider test contains lecjiBin or oil tod tosmte^nt 
baiaenostaiic or ftmgiBtatic properties or contaiiiB a P"»««^*'%^ 
ffiii. and ptOoeS as directed ^ Metkodlxaaa VcM>^n T^ 
for Sactertesms andFm^stasis, ha cwlude mocuMoa 6f the fi- 
lial linjc with challenge ogcganisine' 

Ointmeats and Oib S«HiW« to IsopinpTt Myri^*?*^'™*'' 
not l6S8 lhaa 100 ag fiwneichof 20 unto (or40 unitsiffte contentt 
are not sufficient for e«eJi mediwn) in lOO jnL of isopropyi 
ihal previously hM been ittideicd sieiiie by fllttawn ihfOttgh a 
iliziig membisne filter. [NoTB-Waija ft« Ste^? ^^^^^^^V^'f 
Kcaloiy the test inatciial. to a xmonxwiD of 44' just pnox tojcBft] 
S^wid the flask to dissolve tiie oiBWieat ox oil, tofcwSfaj? 
a laige sm^ of Ae mateiial to dip solvent. Filtisr tbwsowdM' 
proninty following dissolnrion, keamg the filt^ "I?™^!!^ X 
ered vii tte whfion tittWgbottt tfo flltmtton fo;^ naximum effi- 
^wof in* filter, the manbianes twoIlOOjinL portion8 
offto D, Ihen **Sh x*Wl 100 mL of flWtf^. Itaitf the test mem- 
bimes s directed untoi<^*Msc»btewttft 
ccat ^ Awmedium used conttiM 1 8 of pobWOtbateSO wr litet 
If (fee snbstaocfeundertest contains petto&lam, uspJtojrf K, moisi- 
«nii« the membnmra with iiboui200|iofttefiwd^b^ 
iheatiation.KeepdicBU!nibiw«s coveted with thejJiepaied so6»tion 
throu^outfcefiUiBtion operation for maxima efficien^^^ 
ttt Fcflo*ing filtiatioo ctftfie spedarai, wadi the mOTbraues <wm 
Iteee I00H5rwWBiC8or/a<tfif.7»«*<tetestnie«*w^ 
tedinftepicviousparagtaplx. '. 

Prcfflled SyriBgesi-Fef prefiUed synnges Without Wbcd swnlc 
ac^dles; expol fcTconttents of each syrinfie into on* or 
^^tm^Suxfim^m into sepantepoolmg vesaeb wte to wns. 
S^ISSSk needle isSSTdirecdy f?^! ^.^Tg^* 
SSw^Slcaied above, and proceed <lS dirwted for UqfsMt^; 

SSfcaf Jaadei mbabm Ttsafgr Baeurioatat} and Fungtsiasis, 
SoUds for ligedSoa Other than AatibiO«to-^^<«ie 6fjf 
nt6d<s as dEtocied on the iBbcl, and proceed as directed for 
iSle wiA A^ue^ Vehi^t6s or li^piids JmmiseibU >vOh Amcus 
rcWctes. whichever applies. [NcyiE-Ifnee68saij^^fess^u«« can 
bcadded to Bid in flie^onstituiion and filtration of &c eonstftuted test 
ajtide.] 

Antibiotic Sofids ifor lu^Jection — 

aflSlyo»isfcr ^300 mg. of solids, into a stenle 500^ 
Sffiaik dissolve in ebout 200 mL dFbudA, wd n^: or wn- 

S;^^^ i« the labeling, each of 20 coft™;^,"^*!"^* 
qna»tiyofUquidOT8uspension,e<ittivalentto«b«it300ingofsohds» 
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, MiiiCBtioa metods used to ticat isolfliats, w«t artick?, md 

Lg^co/foVterws forStcrilizatian (1035)). bs verified 
^ISmS^ ortotfl km fflwb^ medjods. W toll analysis 
f,Kfflr<SBb with of l(r spores per UX61, 

i -fflucilji%andad^ 

ratotion iy^eato artss Ihtrt pose piubJems lel^ to fte 



S oODoaniieAm of the steritong tgm, the placement rfadj- 

S^;» W64ogldni« ccoftffledkihi^o^^ 

jSj^ opoBior estebSslKse ftequciicy &rre««itotk>n of the iso. 
SlTl^ tteqiiemw.jmy .be as ii<nt 8S a few o»M tong w s^^ 
SiSSSdiftg on the stcdlity maiwenance effort (sec 
^ntewuire ©TW* H**^ IstfWtw Envinmment). 

r i PACKAGE INTEGRITY VERIFICATION 

<; W inat^ ae adveis^ aflfcdfid by 8«afli2in g agenfi, whidi 
'^StioJDWMdoii of jnicidM etowflL'Of concern aw ^ pene- 
ffiof swfilizing agents into product coniamenK aficesso^ 

rcaHaci widiptwJnct, mcdifl, or dQuaoa fluids ^ »™ sto^ 
^i^thc reteOT^^ of the opcmtor to vetify that cc^^ 
Sb, imd sup^ are miaffiicted by the tmmfoa^ ^^^Z 
mMOS. Sacwiai^ botries, or vwU scried wApibberstop^ 

o^.i^]jdziir ticni in a -sealed oontainejr wUl pEevtnt contatf with Iftc 
Sag agCRi; hoWcvec, flicsfc proceduies xd^ also xcsult m some 
saifecdaioot being stcdlized- • ^ ^ ^ 

. kvim cwcs, dw opera!ori«dU cboose to treat diftsuxfe^ 
AditeSincn ttndcr teat-wilh the fittiilw<ns Wat to order to mim- 
liiwthe likdiihood of biDbx«4fin entering isolator. It js the 
wooosibiUty of &c operator to iaxxmtm, w yahdation studies, 
S^swwsme of product eontabea to «ie steriliziag agent does »ot 
ri;^ as^aflto Ihe «baiV of Ac stErili^ 
amtemination wifliia AfiSftTCSt aflicles. Bus su^cstedtb^^ abfli^ir 
of ^ padkage to xesist cOfttamiitetiotk be cxammed ttsing bpft ciwni- 
itdtodSbiologicdtestprocedo^ 
lift validaiiou tests mixstbe pofbimedusmg acmal ttsi amoles mat 
WbccD exposrtio allpBflses of the stEiil!zali<Miproccsa<setf Steri. 
Stylists {1 1)). Ibis aniues to medicinal device packAgtfi as weU as 
Itainwcgutjcal oootftiiwr ai^ 
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IVU^datioa stadirt detemmie wbctibcr both, stotancjt moha^ 
ewjraisDBatBl cointiol media tneet the lap^ttOTaes^ rot Oto4»ni rnh 



ost imponaid) 
jnipulaiioiis. 



MAINTENANCE OF ASEPSIS mnSSS TBE 
ISOLAIO^C ENVmONMENT 

The ability of the isolator system lo maiitfBin an tiseplic ci^^ffon- 
aoittrbugbout^e defined opei^na^ periM irmst be vdidatec. In 
43itJon. aTtticfobiotogkal ixiooitDiii« progrw) must be unplcmcn^ 
W'todctoct xjwteaciraM of *e Isolator system or ^ I^resencc of 
"Svftotitious eoJitaimxiaiion within the isolator* VUcPOWOlogical 
DlonitorinE usually involves a routine Sftmpling program, which 
itey include, for inBtanee, sampling f oHowtog sterilization on die fim 
4y of operation and sampling on *e last d^ «f the proa ected mam- 
teffimce of asCTsis period, fotemcfiaesamplitie is pcffemed to <ie- 
Qcti^lrate mamttoanoe of asepsis >widiin Ihc isolator. 

Tfie saxSndsss wiAm dw isotoior can be momtored usmg otkt con- 
^tplaiw {bp flat smfeoes or awabs'for irogojar suifecea, Howwec. 
tiflfce' media rendnes could impose a riak on isolAtot as^sis, me^ 
^ are oeneally best done at Oe Old of the tcstpenoi If ji^onned 
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ttinir plaies may be used, buj tixcy may mot be snffici^!^ ^iA^rtto 
de^4e very levda of,qwl»minalionpresrativirfim^ 

endosmc. * - < - a 

. Tie most IDdeb'XOUtefor.COiBanimax^ 
ina the introduction of oippUcs and samples into Use enclosut^ vau- 
daWdiatafliDatmafe taken mm Ae iso^or encl^jsure are*ec of 
micj^al ttmiamuiation is* critical, a« ia penodjc njflpection of-gas- 
Scb to detect in^erfectiQnfi diatwixild aflow mgieSJi of micioojgan- 
iim. Gloves and balf-sdt asseiriblies arc a^er Ukeiy ^ince ol 
.loaicrobialeontaminaiiOTi.' Gloves aie of partioflat ccncem smcdtbey 
axe used to bandlc boltstcriliiy testing materials ;md.twt articles. 
Very small leaks hi gloves aie difficult. to deieci vntil ^filovc is 
stieked durjag wc, Hieic are sevcial commercially «.«ajlabb^ove 
leak deteotors; the operatqr ensures Ihei the detecKJS test the ^vc 
under conditions as jdoseias ppssibk to adoal'.use amditions. Micto- 
biobftical tets are used txS ^plement.or subsdtutc physical testa. 
fNoiE-Siandard **fingar dab plaie$7 i;aoy not be sensitivei enough 
m detect bw levels of qotwammaiioiL Sobmeiskm of die ^oves m 
0 1% peptone water Mowed by fillraiion of the diluent, andplatmg 
da gro%3i media caadctcct loss^of iniegriiy inthc^^oves ibat would 
odiervjscgouanoticed.l ; ■ • . • 

Conlin^ns nonviable particulate momtoiiiie wito me iei;>laior 5 
enckwne is idisaL siflCft it can quickly detect flier Mute. A 8<wmm1 
Ghcabe is periodio moftUoiing tising a portable pamcle comitei: &im. 
pling for pajrides must be don e in a manner that poses no nslc to die 
. niainienanoe of asqp^ ^9villun ihe.isolaior. • 

INTERPKETATION OP STERHJIY TEST 
•BESULTS 

A'sten% teat resulting iotfaisep^^ 
sod^vBlidaiied isolator is v^ itolito^'ifbibbnltden :s elmmiated &om 
die iscdator interior widi a high degree of assuranoe, if personnel is 
no«-in'ditert contact with ihe work area, .and if tlie inc^ro^^^ ttie 
tmns^potts is vaiidafied, Nevwdidess, jsolators mmed^c^ de- 
vices ai^'godd aseptic tccfenqucs aje sdJl required. A deciaon -to in- 
validate a fdse positive i& xoade on^y after fully cwniplymg ^^^^ 
leqmrancrtis ofMerpntauon ofAermtyT^R^^^ under fften&y 
Tests (71). • ' 

. TRAlNmG AND SAFETY 

As' with stcnlity testing condu^d,i» conveniional.clcan' rooms, 
operates are trained in procedmta.ihat are qiecific to ^isolator. 
Mirainhig sessions andfte evaluation of *e Ofwrator's perfOTioanoe 
are dociitnented ihihe indmdnal's haiaingK?cord Traimng of allper- 
fionnel in the apprdpriate safety procedmcs tjccesaary for ttic opera- 
tion and maintenance of die isolation system Js ipipciative. . 

Punnet safety in die use ofa stcrifi2ingas;en-muS.tbe,ass«s^ 
Material Safety Data Sheets, Of eqifivalent:d6cuniente,. are av^le 
in to hmnedkte azca wher? steriliaJinE agrot is bcmfe ns^; All 
stortfie mds^Swy prctitttfiow aie fpljawed An Ofierahpnal realli^ 
insp^tion of die sSbt/ of the isoJaior and aH as50;:iated cqii^ilneiit tfi 
pednmed and docnmcnted prior to placiiig the unit ^ service. 



i$,a5C5>sis>»J» CQncoireaflyirfihtesiing, care is iiscd to ensure 
ttion systcoj, '^ %ni8tcmovedfiomtsolaiorswt1&ccs, Active air samples and set. 




^ hlil) STEIULIZATION AND 
-^TERILrry ASSURAJvfGE OF 
COMPENDIAL Al^f IGUBS ! 

• ' ' ' •. ... • •• ■ ' 

Tllis'infbimational' chapter provides a general description of 0?^ 
coo^^ts and principles involved in the quality cc^trol of amcles that 
mutfbe sterile. Any modifioatjons or vwiadona in stenlity tts^ pro- 
ccdmes fiom ibose described under Sterility 7^t> (71) shoold be va- 
lidated in dw context of 4e entire sterility assurance progtam and m 
not imeoded to be altemarivemcfeods to tbose described m that c*ap- 
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Wxflmi the stricrest definition of $(ef|lity, -b; specimen wQold l^e 
dfi^cd sieiile onty v^toa thcicis coi^pletc abseoce of viablle'imcrD- 
otgftmsms f^om. it Hovyeve^ tm ^ohrte defbditioxi caxuiot CUnnitiv 
b&^ied Q) an oitire lot of finished x^otE^fCi^ because of 
l itattet luas io tatmgi Absolute stoility caoaot be pzacticaUy demoiv 
snaiBa: wfUbout e^plece,,dt8aucti(ni of eroy finished article. The 
stmliQr (MT a lot pinpoited to be iterilft . j$ ^erefbte dfifined in ju^iibil- 
iSlic lOl&S, wbm l!ie*libsIQiood of a conlaiimiaifid iinit or article 12 
aoo<^ylably xemoie. Sucb a state of s^cdliry assurance b^e 
lidicd ohb^ Uttongji <bc roe of adejpiate'steriliidtion cycles and sub? 
soqumt asQjtic processing, if any. nnte appropriate cmrent good 
nwDTOCOrtivg practice, tod not' by reliance sofely on sterility teSmg. 
Tbe basic ptiaciples fof v^Jidatiqa certificatioD of a sterilisi&g 
process aie cnamecued as follows, 

0 Demonstrate mat die critical coocrol equipment »id 
^on ate capable of opeiatit% w^'^e prescribed parameteia fbr 
meprooeaaeaupiient. * ' , ■ 

(3) l^nD r^licate cyclea Mitscoti^ ftie required operatiiiDal 
rang e of flip ecpapaieat and mmfi^ actoal or suni^ked product 
D^raostrBte ttai Ae pipceifises have been cati^ed out wifliin tbe pie- 
scribed protocol bmls aiid jfaaUy Oat ^e prohabi%. of xnicrcttial 
sunrivB? k tbc Kplicace. processes coztprcted i^WfiMttr diaiifte 
piesCTbed lioiits. ' 

(4) Moaitttr the validAtcd process dming rbuijnc opcraiicwu Pcri- 
oAcally as needed. cequaliJfy and tccotifi^ the a^iu^pniOTC. 
^^^^Conq^lete the protDcds, a«id^ document steps (I) Ihiou^ (4) 

ThA piincSples and imptemeoladon of a jwogram to validate an 
asepnc procosmg procctto are aite^ 
izatioa pPDcess. In aseptic procesacig, tie oon^oncnls of the final do* 
sage form arc 'steri]i2cd separaiely and the finished aitide is 
assei&bled itx an ascitic manzl^ 

Proper \BlidatiDn of the siailiaattpn process or djte'aseptic process 
iOTines a lugh level of knowledge of the field of srerifeation and 
el^roomtatoolpgr, la order to-con5>Iy ^4 cuirendy acceptable 
' ^^y ^ Merilization pazametera»:it is aeoesaaxy , to cm- 
ploy ^ppiipprraie instzubentation and eg^^ 
paiamcteTB such as tcmneiatutt and xm, bifmidiry, and sterilSng 
gas concentration, or absorbed radiation. AJi important ajpcrtol 
Je validatioo piogram in many scerilizalion procedures involves 
A^5?rT^^^?I'*'?'^^i^ iodjcatois (see mological bidicctton 
(1035)). The validated aod cteaied process should be'icvalidalEd 
pcnodwally; however, the icyaUdadc?! piogtamfleccl not iwoossarily 
be as exJw^ve as the oiigind pfogt^ 

A typtol validtttiotCfirb&Sm; m Vcrdineii heloir, is ^ne diWgiMd 
W me steam aatodave,'hut |bie pnoii^lcs are totflicabfe to ftc other 
stftOizahon prooednres, di^sed m tliis Snfbrnjational chaptcL The 
program cfljflpiise^seyeial stages./ • 

l^piStdMon qim^aOanmio is imca^cd' tQ-estabuiii that 
cantiols and ofl»r UBj^umeniatioja' are pib^y dedcned and'^- 
brat«L DoOTmeni^ shbtild b^i oA.ifile denionstiaix^g the mwlity 
ofthei^toicdunTitfes^s^ 

mia!(ficati<a stage is mteadej to con^iialihe enipty chamber 
fonchons within the pammctte of tempeiatore 4 all.of the key chai^ 
her localKwafi prescribed m.the protocol It is vasaSfy ^prmn^ to 
develop heat profile records. Le,/sitmiltaneoto tempetatisres in ihtf 
chamher eruplojring mahq>le tempciatoe-fiensing devices. A typical 
«xroiahle range of icmptoiuns m the' enmty chamber is ± v i/hm 
^jJ^li^P^*^ is not less than I2l\ Thfi cmrfinmtorysti&: 
of the v^^uu program is^thff actual stcriilizBtiojo o(^rialCTials or ^- 
Udes. This dctenniMtio^ re^iiiytsf et»ployment df temperature, 
sensing de;iaccs msetted mtp sacnples of die aifides as wdHis either 
sanipte of tiK:.fflndcjt(i|^KAaMirQnrk^ 
^:Ptth:?p.oiramffljfl W hecn 8d4^r sqiaiale' brologicaJ indica- 
tors m opQatK)naJ)k|aafy^ confirmations. Thecfiec- 
aven^ of heat dyiw.jr pcnetnijc^^ actiiil art5cle$,aadthe 
2^^f^5f ^ two mai^BtofcB»&at deienninc fee leih- 
a^^e^pfftfi steyfliz^A ptoceas. TheSSWvttige of the vaUdation pro- 
MMouff^ ffledbcumentaiionrf siqppor^ data'dev^ed lA 



li iSgcncialJy accepted thaiieniDins^Ky sterilized i»iect*Ki 
or critical devices puiporting to btisjtcriles when proctss^icdl hl Si 
clave, attain si 10 ^ microbial sivirvivor probabiliiy j ^ g-T^ 
Jess than one chance in one million that viable mWrea^.f'^' 
present in the sterili26d arlicle or do^gc fonn. With I^TJH 
cles, the approach odcn is co considerably exceed ihTtKr 
ii^ceasary to iwhicvc die lO * microbial survivor pmhahn^^i 
hill However, witli an anick where exwnsive keai ry^^^ 
h^vc a damaging effect, h may not be ifeasible to emplowMf 
approacli. b tbis kner ijislance, the development of st^ni 
cycle depends heavily on k»o^x ledge of die microbial buiSn 
product based on examination, over a suitable time period^ 
SQTitial number of lots of the prcstciiiized product . 

The D value is the time (in nninutes) re<iuiTOd to fedbcert,.*; 
biaJ popuJkiion by 9€Vo or 1 lo^; cycle (I.e, to a $iirvlvhm ffc 
ax a specdc tcmperauirc. Therefor, where theD v^S 
biological indrcator preparation of, for example, BadlbiTl 
ihe^rmophllm' Spores i$ 1,5 miauics under the total orooL- 
metCTS, e.g., ai 121% if ii is ircaied fbr 12 minutes undwSfi 
conditious, It can be staled that the lethality input b SO TtS 
of applying this inpmUi tbc product wpi^ld depend ra fiiiniri 
erobial burden. Assuming *at its resistance 10 sterilization 'isl 
ml to that of the biological indicator, if die micmbial bunJen 
proAict in question is W microorganism^, a lethality ianS^ 
yidds a microbial burden of 1 (JO" thcorctlcil) and a fortH* 
yields a calculated microbial survivor probability of fl 
the same conditions, a lethality input of \1D may be used m'td 
"overkill" approach.) Generally, ihe survivor piobahiliiy ai* 
tor die artjclc under Ihe vaUdateti sterilizatioc cycle is not comn 
con-elated with what may occur wUh tlic biological indica^ 
lid use. therefore, it essential tliat the resistiiace of thebiol 
mdicator be greater than th?it of the natural microbial burto^ 
apcle sterilwd. It is then appropriate to make a worsi-case 
tion and treat the microbial burden as though its heat resisianS 
equivalent to that of the biological indicaior, althou^ it is nog 
that ihe most resisiunt of a Typicii microbial bvirden isolates J 
monstaue a heat resistance of ilic magniiudc shown by this ^ 
frequently employed as a biological indicator for sitm stcdli^ 
in ifac above eicample, a 12-miir.itfi cycle is considered adeqiS 
stcrili2ation if the prodiicl had a microbial bunJ^^ of 10^ microd 
isms. However, if the indicacor originally had 10^ microMttS 
coateni, actually a 10'- probability of survival could be e^l 
Le., Mn 100 biological indlcDt^»r5 may yield poshive resultsl 
jype of sinjation may be avoided by selection of approprial 
logical mdicatof. AlCcmatively, high content imiicarors ujay b« 
on the basis of a predctennined acceptable count reduction. | 
The D value for the Bacilius si^^arorhcrmoph(lus preprntioal 
mined or verified for diese conditions should be reevtflblifihed\« 
specific program of validation is changed. Dtd^rmination of «j 
curves (see under Biolagicnl hdicatorx (1035)) or mi 
«Iled the fiactionai cycle ^proach may be employed co ddrf 
me D value of Uic biological indicator prcfarcd for the spedfil 
Hidden procedure. The fractionaJ cycle approadb may alfio be ^\ 
evajuare the rcsiswncfc of the microbial burden. Fractional 
studied either for microbial count-ieduction or for fiactioa 
achievemcm. These numbers may be used 10 detsjmine d)e teffl 
of the process under production conditions. The data cw boua 
qualified production equipment to establish ^propriatc stfilflq 
cycles. A suitable bioloisical inoicaiior such as the Bacillus^ 
thermophilus preparation m?iy be employcsd also during roulinij 
ili-/^tion. Any microbial burden method for sterility »ssu| 
requires adequate surveillance of the microbial resistHBce of tl^ 
cle to detect any changes, in addition lo periodic fiurvcillOTceofft 
attributes. | 

Methods of Sterilization \ 

_ Fn this informaTional chapter, five methods oftfitminal stcfllfz^ 
mcluding removal ofmicrooi^anians by filtiation, andgtii^i^l^f 
aseptic processing are described. Modem technoiogiciJ 
ments, however, have led Ip the use ofaddlu'onal procedures 
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"^In^ m^fi^c-piQicessbg^ Tbc chojice c£^t apnrcpziaie 
A'gi^ d^69€;e ibnD.Qr-oQzi]^Dent te(|udres a high levd 

9cts of die pvooess cn Ihta nateiul being stcnlized.^ 



• STEAM STKRlLEAnON 

;ptocdS$ cf thenniftl' j^edlizatioti ctnploymg saDuaicd steam uo- 
is carriedi'O^t m a cbamber called an autoclave. It is pttab- 
•most widely^ employed sterilization process.^ Hie basic 
of opo^^is thk toeab m the stedlo^ 
I by tfio sahmted'steanx achieved cioplpying vents or traps. 
JT to cB^pIace aif more cfiBsc^dy j&om tiie diambcr and fiom 
^aidcleSyihesterilia^tm cyde-mAy bvUide air and ^tcani'eva^ 
I st^^. Hie design or choice of a cycle for given pKOdUCtt Or 
nent5'd«pend8 oa a oiirabeF. of fectors* inchuMug-thc heat labi- 
|gf the marcrial, knowtedge of httarf pcaeifdtion into the aitidcfi, , 
&*i«w6ct0,^ ^uscribed imderfte vahdaiionpro£3fani (see aijovc). 
_ m'tbetdcsOTptioaofstcdlizatioQc^clcpara^ 
f(teiiuie of 121*, TO Fi ootlc«>^inay be ^jpropmt©; The Fi, rta 
;}6]ariEQ](peiataic other then 121 ^ k ihe tuxxe (iQ-.suinxte^):!^- 
^.43D providc lhc, fethality equivalant lo that pjo'frided a^ 121'." 
/ftaidd tim^ Modem auBochvcs generally operate wijb a coatol 
tnthai i$ si^uficaiidy morergspoiisive ihao Ibc steam itduoioii 
ktf older taiits Ibat have bccn in service ftn^ raacy years;, tn Older 
OlteuDBls to adiiw tiic precision «id level' of oozittol of 
ifrjM aoqssed inthisd^^ 
_^ thccoulixu equ^mcot aad.tnstromcirfaiion on these units. 
Wffi odaScarion is warranted onjy if chamber and steam jacKet 
fflSiaact far oononuedgafb ose and if deposits ihat iate i fcm vnA\ he$i 
Mnitioii can be removed. - . 




^pmce$$ of Aeimal SfLeolizatioQ of Phannacopeial ariiolcs by 
^^J^J^^JS^By oaoied out by abated process in* an oven de^igicd 
g^br fiw dj^pttsppae. A modem oven <a suppJied with^hcaJad, 
an; digfinbutBdiBUfbf^^ througbout^re chamber'by cortveo 
e2j!crkadiatic|*and enml^iiig a blower systeiawiitleWce$ for ^ 
monitotinfe and c<totroUin£ the ctttical parametcis. Bid 
taWatwo of a diy-Oieat sterihzation fiicairy earned oiit in a irmntn^P 
sftDlarto fhat&rniteaiD scoilizer desi^l^^ 
ggltore dfitt- sterilizing componems such as contatnen kteoded fi)r 
ouss^oas, care should be taken to avoid accumolaiioa of 
Ptojw matter in the diambet A typical a/;cepe^l« iange in temr 
Pp^m the empty daambcr is ilS'' wha aic unitisowratinEat 
Ibtjfiss than 250*. • . 

^iJddition to the batch procew described above, a coniimjous pio- 
W6 is^foquendy en^iloyed to stcriiizfr and depyrogenate-^bisswaie 
VT' ^ «t^giatcd continuous aseptic fiUii^ andsealihg system 

j^jjLbcr of gwddines dealwiK pai^cuMy wttb the dcvdopmem and va- 
^^rf fiien^fln^d^s bid n^ated'topicn h»r<? been pSliflhcd Hiefifc 
I ^wc, 01 ttie Rtotea^ Drug A:floc»ti<m,* I«c. (PDA) VaUdmon afSteoH 

^Jgi^ No. 3), 8nd of to Rhfijaac^uEical Manu&ctuiws Afisociation: .. 
T^PCPilicanQps on thesi tr^iit t^^.z % < ^ . 
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Heas diidbcttfifi naaybc by convecSoa osby.djreci:<t»iefci>of heat 
fflOm agi ^)^^otto JTbft obnifaiiious'.systeTOTacalStf iwjuire^ a nucb 
higher tettfieji^^&aiidted aboioB £brfte.tetbh^ioce$s ^oftuse of a 
oodtahoKtBRimff time. However tiielo^isni^&ifliut«*inpt3(t4ittviA 
the paasagp oftfce product should be jjquivalBnt tD that achieved AiJ^ 
i^g the chamb^ process, Thc^ contnjuous process alao imiaily nece$- 
a rapid wxrfiAg stage |^r4o the aseptit mng opemtloa. In 
tpc qqattficaoon and .validation pirograin, m view of flie short dvi^dl 
ainc, parametera for unifcimity pf the temperature: and partioijidv 
AeidweU titpe, shOttld be iesiaflished, , 

AifliCrobial.$wmval5pid^ 
for heati^mle arSples or coijaponanta. An example of,a bjqlogtcal 
iadicaw>rfof v^Udatiag and inoninjring.dty-heat ster£iization is,a 
P"!P^f»iW o!iS^Mds^^tfUs,'SpQf€k Sinpftxiyheat is-foqupwiy 
eoaploycd to rcnjjtecdawv*^ or cohtSncra See^om pyrogen? as 
weU as viable microbes, a pyrogen 9halleng<j, whetp.iiec«5ssiFy, 
should b^^ aninusral ptet<ifW yalidation proliam, e.g^.by inocu- 
latmgoneornioi^of1faeartibte8lobe,treatedJ9^^ lOO^ormoccUSF 
Itoxte, of .bacterial Woiaxb^Th^ with Ltmuius I^afie couW be 
used to demon^nrte that ftccndotoxic snbsiSigsc has teenin^ptivated 
to not moos. tban l/lOOO of.ftc'QrigijMa,aaaount,(3 log cycle reduc- 
tjon); Eor the.tcit.to .be valid, bofii ffle fetfenwl amcmnt a«di aficr ac- 
cepiale inactiji^arioaj ilie r:niaims^ .amoiWt<)f ondotom shotthi be 
measnred. For additionol .irifoutfiatioti on the eoidotozm aassy; see 



GAS SlEWUZMflON^ . 

.'nieidhoice of ^ sienli^ation as an altemativc to heat is fieqw ently 
made w!hen the material to sterilized cannot withsiand.tiifi' high 
tBBopetatuiCs obtained in the .stjeam sterSizadan or diVrheat tstsn\m. 
bon pfopStoes. The activcagent'gcwsrrtly ompkryed tnigsaoons^stei?^ 
flizajiou 15 ethylene o;jdde of atXi^aCDlQstam^ quality: Among-Oje 
disadvantages of to sterilizn^.ageait aniits highly flanuHabk nataye 
^iw tmxed wax suitable inert gaacs, iu mutag joic'pippenies'/ and 
tn« posaomty of toac residues m trcafBd maieriaJs. particobriy those 
ooiUainingchlonde ions. The sterilizatiooprocfififi is generally, cacxted 
our m ajpresalrized chamber designed simifafly tt> a steam aiitdckw 
but with'toadditional features botow) unique . to sterilizer^.-on- 
pl^g this^ i^adlities mpkriiBg this 'stoDfem^ agcnt.should be 
<Ses;gncdvto provide adequate post^tariluatioa degassing, to eoablc 
m«^5uiy<vOTm(Hntortt^ and to xnininiize-ttqwsurB of opcia^ 
JOTS tote potentially hannlul gas.' ... . . 

laacGompbahed aloDg the hnesdwcuasedcadifiL Eowever, the pro- 
yam IS tnoic OTimrdienayB' .than &r tiic other fiteriSitwioii pioce- 
aux^ mcG m addition to tempemurc, the iinmi'dify, vacuum/ 
poaftve pressme, ind dhy3«ne o^ode conocntration also leqaiie rigid 
control An uqioriant de^ciminaiiQn is w rdenions:5ra!^ that aU critical 
process parameten ^ ifac diamber «ic adBcuate.diirjng the entiie^cy- 
cle^fflcc the sft^liai»^ p«metm S9)plied 10 the ailiol^ to be star- 
Ojacd W'OT,t2Ml..vaiwblBS3 it.is fiwjwarify advlsabte^^^ precondition 
^.!!f^^^Mr^^ reqoifed moisture contet^t, foininimize the 
ume idf holding ac the leqmred temperature. pri«>r to placement of 
we load a the efliyienc oxid&chambet; The vaKdatfon process is cen- 
eraily made .ejirploying product inoculared vvitli .appropriate bio- 
wgical.mdfcMDiB.riucfa as sponr preparations of, Bacillus suhtilis. 
For valid^oia itey may be wod m full chambetJoads, of product, 
or smiulaiedproduct.The mumtoring of moisture and gas Ci^xioeatza^ 
.ton requttcs the mili2alioo irfsophiaticatodiistiimieondioTT ttot ootv 
knowl^^eable ao4 expcdeaced jbodividuals can ca^ibiatc, opciM^^ 
and in a ynta n. The biological iodicalDzs may be employed alsa in 
nKjnttoriiig routine nms. . . : . . '.^T . 

• AS is mdicaied elsewhere "aji to diapie<; ihe.i;ioiogical indicahM- 
Dwy be emploiycd ina fiacriott negative mode to eff.2bli^-tfafi.iiltimatB 
xmcy)b}otogicaI suivivof>pcebabi%.m designing an cOnrletie ondic 
ste^Ezanon cycle usmg inocnlated p«Khict.or jroKolated sinmlaeed 

piOOUCL' ^ , , . , 



M»^o£ 15 minuh^ at l2l^ unless oiherw^^ 



\^i^!f^P^, Eacydppcdia of irotostrial Chemical Anah^-IQ?! 
12, 3 17-340.. John Wilpy.& S<mSc., and Vse ^fMylene ^^a Sta^ 
«*,^«^<:a/^itfe=, ^'Special OccJiSiiaS^w^^ 

^^Cemw OtlSasc CommlandPtrvcia: 

CnB^ x^cOTMntoiito aiid S^MJanjs Devctepment, Friorities and R^eftBCb 
Ana^ysls Branch, RocfcV2ne,N^p, ' • \: ^ 
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Stations of Ific c&ytofi oxide,'JtedlK9iicKa 
o£.tiie gas. to ditfose to the-inncnnofix 
sfieriiizadon, f ack»ge designaod chamber 



/ prolifetation of medical dcvittes imabk to wltlwwad heat 

applicable also to dfug-subjiMices and fiiul dosage forms. The 
aJyaiSgiis of stariliiatto by dini4i«do& iaoch^e lov? dhcmical reac- 
tivity towi»eastirBbkresMTies,aiid*Tbej^thni^ 
^Ats'iQ ggtLtzoL Ln ftet, tadiation steriliiation ts unirn'M that the 
ba&is Of coffttol is ess^tially ikct the absorbed radiktidn-ilosc^ 
whifcb'caja bb pitCisoly ineaiEured. Because of Aifi ^torwtenfiiic, 
new ptoccduies have beet\ deivdi^pcd to dctertmne the stcriKanng 
dose Tlese, hovWei;- aie.still-«ad€r r^ew and appraisal;, paittn- 
larly -widi regard w Ae'aiwd;' 'Of oit€w4se, for additional controls 
and^iftstymMTOitt. Itrad»rfo».'causos<roly a minnnal iMimerat«c 
rise, but'cdn«fibrt certain grades find ^cs 6f plas^'^d gla&5; 
• ' thc two Mes of iOBiziDg nt^atioii in use are rad:(qi2Wtopd decay 
(c3iDn» lAd&ion) and eLecmnttom radiatioA, In either ca^fe the t^- 
^ifttSnn li^cft to yield fee tBQuired degree of steriHty assunmce shonld 
be estshlahed suph that wiftdft thp mge of minimiim and majtinuiin 
doses set, fte pnipetties of artide being sterilized are acc£|>iable. 

fn^ gmmft inadiatioA, ihe validation of a piocedure izKludcs the 
^jfgmMjifhnyyt nf^dg>ittaieiials'xampanbilir>^ edtablishmcptof'pro- 
dttct loadtDgiottem ^ cocn^l^on ofdose mapptng m ^'^tenUza- 
cioh contautterN(mcliiding ideatifi cation' of ihe miaimun) atid 
^BBjdnuinixJose 2Qncs),.e$t^lishmcat of timer setting, and demon- 
Btfytym^ftf fte deliveiy of ihe '«quiitd'5terili2a.tion dose. For clec- 
Wn-beaifairtadiatioii^ m.additioiii,^e oo-line conttol of-voltsgc, 
cQnejxti conYcyoi speedy aod electron beam scan diniensron must 
bc.vididated.-' ' . . ' - 

' ' FoT ^gMmrnflL i^fHatifin aterilizatioiL an effective sterilimfi.dosc 
wJooih is tolciaced.withoiit damaging cflcci should' bft selected, 
Attioi^ 2:5 iBiqBSDcads. QVfra^ of absoibod tadiazioii waa^stoxically 
adceted^itis/deSdiable and aceqpttble in some cases to en^loy lower 
doBCS for devices, drug scbst^ai^ies* and finiJiied dosa^ forms. In 
other case^licrwevCT> higher doses are csscntiaL la order K^.validate 
the efficacy paxticulaity of the lower ejmosurt levels, it -is necessary to 
dcteximne IheToamiude ^mzd^er.and/or degree) of the hatutal raoia^ 
tioE? resistance oftbe.xmciobial population of tbe product- SfNsdfic 
product loading patterns mast be established und absorbed mrnimmn 
and maxinmrD. dosage distributioit must be deteixxdhed by use of 
chemical dosnncte3re;, (These dosimeters are Tjsually dyed plastic cy- 
linders, slidesj or sqiikeff Aat show color imcmification based di- 
rectly on the aniount of absorbed ladiiiiion energy;. they requite 
^arefbl eafibraciDn.) , ' ■ 

■the settrng of the prtfcired absorbed dose has bcen earned out on 
the basis of pure ci^tnics of resistant microorganisms employing 
hioctd^ptoduct, CLg., vt/i«h Spores of BadllusptMitus as bidlo|ical 
jndicatois, A fractional cxpffimentaleycle approach provides' the 
dara to be utilised to dctenmtie die Dtg value of the biological .Uidi- 
eator.' This information" is then applied in cxiityolaring the amount^of 
absorbed radiation to -establish an appropriMft microbiaJ survivor 
probability. The most receirt procedures fcr g»nma ladiaiion Sterili- 
zB^a base ^ .dose upon die radiation resistance of the natural het- 
crcceneous microbial.burd^n contained on the prodoet to be 
^^eo^ed. Such procedures are corremiy boiuf refined but m^ pro- 
vide a more icpreflemative asscaament of radiation resistaope; cspe- 
ciaUy where sigciificani'^umbeis o.f 4Dadiaiion-re9jli8i^'oi]pmsms 
^TXtaeot^ Xhese;iaQep&Qtn inociilatioi) wiA staxidaid resistaht or* 
gB03sat&'is^;zsBai^^pumUus^^^ subprooess (subledialj dose-eK- 
posure^offiaished- product samples taken fi:om prodttction lines. 
Certain faypoSieses are common U) all of these methods. Whne<4lie 
1^ microbial population present on an aztiele generally consists 
q^^^fttixorrfi of microocganisms of dSfiedng saoaitivicy lo radiation, 
^^Bp of snbjoctmg the article to a less than totally lethal itenlizia- 
^iijg^i>'<>itfiA^^^^ dje less ^Bsigtant;tm(^ial frmstion, Ibis results 

^ I)ctaiIeddQsqnptioasoflheseprocodatcs^ha^ 

ciatiQa for &c Advaocaneair cf ModioQl ksmmuaiiaHaa (AAMX) hi ifac'docU'^ 
mentoititled **Froc^s Control OuidetiNes/brHadiation Sterilaation of 
M6dica!Dewces** (No. AAMIRS-? 1C/B2). ■ • • 



m a i^sidual relatively homojjcncovs population wim respect to ^ 
tion resistance, and yields cotisistcm ^^d i-eproducible ^^^lt5 of 
icrminaiiorts Nvith the residua! population- The amount of Ubi 
manipulaliott required is dependent upon the particular 
a<ed. 

One such pwcdure requires the cmin>eration of the miciobia! 
pulation CO representative samples of independently onanufai 
loc of the article. The resisfancc of the microbial popiiltxtian is di 
determined and dose seaing is based on ^ standard aihitraiy n«iiati( 
resistance assigned lo the microbi pO{)ulstion, derived fhjm data o, 
tiined from manufechircns and from ihe liieramve. The assumptbn 
tniide that the di-wribution orresisianeciS chosen teprcsentB a more s 
ycTK> challenge than the nalunil microbiiil p^^pulawon oq (he product 
be sui3-51l2Cd. This assumption, however, is v«infied by cxpa-un, 
After verificatiQn, (he appropriaie radiaiion sienlvalioa dose is 
fitim H lable. , 

AnoOiei\ more clabotiMc, method decs not ixx^uno die emimeafatioi 
of the microbial popolation bin vjs*s a scries of incieroenial dose 
posunw to allovi^ a dose to be es!ab)i$h^id such that approximately k., 
out of 100 {^amples irradiated at thai dose will be nonstcrile, this 
noi (he ullimaie sterilization dose, but provides the basis to dctemi 
the $ierllizado7i dose by cKimpolation from die dose yicldii]g ouc 
of 100 nonstcrile samples, using an appropriate resistance faci 
which charactcri-^es the rcma>mn& microoreanism-nssistantpopuL 
tion. A periodic aiidii is conducted to <:heck (hat the findings coatiai 
to be opeiative. 

More elaborate procedures, requif ng more cxpcrimentaiion _. 
mcKidioi^ ihe isolation of microbial culmres, include onCTVherc,afli 
determini'^e ^he siibiJlerilization dose (yielding one out of lOOnoi 
sterile samples), the niftisiance of ihu surviving microorganjsiw 
used to determine chc sterilizing dose. Another is based on difliat 
determinaiiorts, starting* with a subiiceriiizafron iocremciiTal doi 
vi^l\lch rcsyli5 in not more tlian 50% of the samples being nonsteriji 
After uwdiation of sufficient samples at this dose, a number of frj 
crobial isolates are obtained The radi^uion nssistance of eachoftiieS 
is determined. The sierilization dose then calculated using (be " 
sistance dererminiiitons and 50% sterilising dose iahiaJJy de 
mined. Audir procedures arc required for these merfiods M fbr 
others described. 

Where die required minimum radiation do^ has been dcd 
and deliveiy of thai do^>e has been confirmed (by chemical or 
dosimeters), release of the anielo being storiii^ced could be 
within 4>c overall validation of stenhly assurance ([which may incluf 
such confirmolion of applied dosage, the use of biological indicatqf 
and odicr nneans). 



STERILIZATION BY I'ILTRATJON 

Filiralion through microbial rotendve materials is frequently 
ployed for the stcriliraiion of hcai-iabile solutions by physical 
moval of the contained microorganivms. A filter assanbly gcof* 
consists of a porous matrix sealed Cf clai^pcd into an linpermL 
housing. Th* effectiveness of a filter medium or substrate depeaj 
upon d>c pore slae of The porous ma-erial and may depend upoa - 
sorption of bacteria on or in the filter matrix or lipor a sicvnie i 
chanism. There is some evidence to indicate tb^ sieving ts theii^ 
important component of the mechauistn. Fiber-shedding niKi«> 
cularly those coniajning asbestos, arc to be avoided unless no m 
native ll^t^uioD procedures are possible. Where a fibw-shcdding w 
is required, it is obligatory thai the proceftK include ^'^^^P^^'JJ 
ding filrer introduced downstroan^ or subsequent to *e imnai m^, 
tion step. " 
Filler rating— Ksi\t\g the pons size cf filler membranes is by 
inal ratine chat rcnects the cap^ibility of the filwrincwbrane^r^^ 
microorganisnrjs of si^e represented l'>y specified slfainSj^floy'^^ 
initiation gfan average porc size and statement ^^^^?™^nvi 
sizes. Sicrilixinfi filter membranes (th.ose which arc used ^^^^^^ 
a majority of aincaminating microorganisms) are metnofan^ 
ofietaining 100% of a culture of 10' microorganiKflis 
P^wdomofuis diminuta (ATCC 191461 per squat* ccnhmc^^ 
membrane surface under a pressure of not less *^^^;J;^. 
bar). Such filter membranes arc nominally mted 0 2/ 
\\m^ depending on Ihe manufacturer's pjacocc.' TS^ ^^tobc' 
membranes is also specified for reagents or media that have to 
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ifay filtic^lioa (fioe UiaiUu cct of Isopropyl Myristate tmd^ Om^ 
_s and Oib'Sobible In Isop^vpyl Afyriitale k ihe cbapter 
(71 Bacteiial fSltcr znaoblnlaea (i^o ^cnownas ^oSlytical filter 
^bmtt); >Di4]lcb r^te of retaznine only larger nmoomn- 
are labdcd tt^tfi a nonunal lalingxtf 0.45 ptn. No single mimor. 
j^^od for iBlin^ 0.45-^ filteis has been spocn&ssd^ mid this 
j^jjuljr d^ecds an cimy^on^ pf^catx aamzig inaiHifacturc»; 0.45- 
^jQ^ttfS ^ c^abb of lut^inhig'psiticuUr cultnre^ otSarasia mar- 
cBfoths fiA^tCC 14756) oiPs. diminuta. Test pressmes used vary 
g^Jo9r'(5 psiy Q J^'bar for Serratia^ or 0.5'pn; 0.34 b^ fbr ^^^i. 

(50'ipai, 3^4 bar). They are apecffied.ibr sterility tcsi- 
3i^;(sce^ref^ Procedures UiSing-MembranB Filtration- w^t: tbe 
Stert/iry lists (7.1)X vrtiere less exhaustive microbial lEtcD- 
^i^rcquiredL Hiere is a small piobabUity of testbig^pedmens COQ» 
tnjiinfttrH soleiy vrs&i smaD imaErooTgttWxn&). Filter m<>ftibmfts with 
|jjfiay-low noitdnal ratioB iBay be tested wiih a culture oiAcholsfhs' 
faa taidlav^ii'w otbot stndn crAfycopIasmat ax a pressure of 7 psi (0:7 
^'dQdi^iiDtKun2Uy xstcd 0.1 pnt The dommal taxings based on 
jjp^bxid retEntiofL.propexties dii^ when x^ttng i£ 'dooe by otlier 
fflrggas^ 1:^ fettaxdoD of latox ^hercs of various diameters. It is 
Sdni$er's re$poii$ibi% .to select a filter of conect raibg for the i^- 
tioQl^puipdie, depenoiog od tfaen^tun? of the p^duc!: lo be filteied 
^l^.igeasia]Iy not feasible to tepeatfhs issts of ^tnetioo cecity in 
tlifii&r^'est^fi&hn^eot MicroMal challei^e tests arc piofbrably per- 
under a inazRcSBCturtr'^s conditions each lot of mana&o- 
^todfffltfirmemJhEracs. r" • . ' •• 

.il^li&ilsetjstistdiha^^ employed in 

naJBhSiui^'Ui^ wOl d^mficanfly mfiucnee ndonobial tetentioQ, effi* 
dcsaj^ Soxse'of die other in^iortant coDCcniB in the validation of 
be^tiatkin ptoosss iadude product corz^N^ibifityi, «>oxpticai of dxug, 
|ii(iereivat(veaod/6r otber.additxvcs> and initial effloegoit endotoxin cod- 

•\;Siseeihe ^fiediveacss of ^ filtmlion prooess ia also iaflueoced by 
ilibjinJcAUal VuideQ df Ihe soZutkm io be fihtted, ifie deienninaiioa 
of fteixdcfobiological qoMy of solbtiDtis tnioi^ to filtratbn is 
poitftiitaspeei otijM vaEd ation o f te fittzatioa pxoceas In adiSlloa to 
otAiEslnnest ofihe ofiierpairainctcis of the filtrtliOD procednve, such 
BS-pn^S^uies, flow.zaies.' aitd £ltcr xani charactoiatics, Bcact, finoi^er 
DQ^dpf dekcrit^ipg mter<eta^ling capabilxty<^8 fbfi^cQ leduciioii 
YK^cOCi^FarisistaAce^aO^Mmfiterlh^ lO^micnv 
Qipmsmd of ,a{$pecifled axraiif \rill have an LKV of not lc9S mm 7, 
i^ide^lhc^latetl cOQidi^ ' . 

/Tb^, process, pf sterilization of sohitionfi by filtration has recezntly 
wAjcyod Ira^ii^of profidt^. W;^!/ result ojT^e.develop- 
Q2^and^zpli&i]rt!Qa of menwnzae glter.tecbnoiog]rt. This class of 
filter media lemb.jts^ to motp-^eclive atatkdardization good quality 
GootTDl and also pves the n^jsreaxer oppoctuniiy Do'coofitni the 
duB3Ctcii^tic3 or piopeitie^of jhe fiber as'seinbly beforehand aficr 
&ct.that n^eznliiax^ jCUcers are .t2^n polyineric films ofiois 
niany odv^t^ges bvX alao 'Sonie disadvantages ^en compared to 
de( filt^'mipli ftd ^xcfl^uti or sintered material. Since ^ch of 
Aemembzaiie sKii&oe is a void or open space, ^ properly assemblBd 
BQdf^iecihzed filter ofBp $c advantsge of a bigb fipw race. A disad- 
vui^age^Sitziat since membrane is a&ually ^agile, it k essential .to 
dttennme.dtu the ^assembly wps properly made aoid.tbu fbe mem- 
Naae,W88 fiat n^wed.dming assembly, stOTlization, or lie. The 
l>ot^bgs and fihtf asseo^Hes ^ 
Jp^yal55ate4 coi^wtibility and fac^ 
jcpffssible p mix assemblies tod fijtcr.incmbfane8 produced by diff 
iQsiit maso&ctuFBi^,. ^ eompitdibility of (ihese hyhdd asseoiblies 
^old fiis^ be.validaJcd. Afid^tioually, dicre aore oth^ rests to be made 
thCtm^nnmctaier of th^maoibiaQc filter,- axt* not osuaDy re- 
puted W the ns^t Jbex incbdc nocrobiological challenge tests. Re- 
te^.on each lot of man«fcctwp^ jfilier membranes 
wowd oe obpijix^^ 6^thc manufectuorac by bi^r for iiia recprds. 
>'^t^ioa.fOT:StBril|^^ purposes -iis usually earned o^t with as- 
J^u^.havmg membiBnes of nominal pcic size rating , of -0.2 \im or 
|W5^ed.c>^i.fl»'Srali<bteddi^^ than mPieudamo- 

jw^inwzKto (AXCGNo, 1914Q.?a^ieiiskwi per square ccntimdcrof 
?iter surfecc aTca.;J49mbr«tti4 filter m^a vgjich are now bailable 
^^™dc'ceUulps« 9(cet^ .ccllqlose mtrate, fluorocartonaie acnjUc 
^gW^-* Poly^caibaii8t% polyester; polyvinyl chloride, vinyl, oyion, 
PWe^ and eygi metet ttcmbianes^ and tljicy m^y be razd^jncoed <tK 
^fport^ by a^imeiaal.fibria A noec^ibrane filter assotiibly should 
?5 tested ftr.iailial integrity pnor to use, provided that such tost docs 
JJajpan" ibe vaKdity of the-aystem, aqd shotOd bie tested after 4h€ 
^wtt^n PIOPC98 i$ c^Q^escd to d^nstcats th^ the fitter assemb^ 
- ^ its-iniiefrity Huoughout ^e eadtefilieatioii procedure. 



lypicduse tests are-ihe bubbk-pomt test, ibe difEosiveajiflow.tesI, 
die pteaswe hold test, and lbs forward floiv tesL These ibfis%>uid b6 
oonelated wittx naictooigailisiik lestcncion. 



ASEPTIC FROCSSSINO , 

While tixere is general agreonenf that stetilizatioii of ^finalfiileid 
container as a dosa^ fbitii' or final padca^ed devicef i$ ^e prdniltf^ 

c, Ihere is a substantial class of products &at are tot temiixially ster^ 
ymd but ate pfepared by a s^es of ^epdc step6. Tbi&t are designed 
to prcvcnt'^c introdactioiiof viable mkioorgauians into compo- 
nents, where stcirttc\ or Once an raierrnediate process -has reridered 
the balk product gr its eon^d^ffints free from viable microoxganiams. 
Hiis secQOD provides areview of the princbles nxvoh'cd in prodiiditig 
asepotally processed prodticta'^Hi a unmmini nsk of mi^btol con- 
taminatioc in the finisibedlot of final dosagis' fbims/ ' " 

A product defined as aa^^ealty ftnjoessed is 'Iikciy to' consist of 
components that have been sbcailiidd by one of ihe pr6cc$9^ de^ 
soibed earher in ftis chs^ted For embplt, ihebillk prodoct, ifa'fil- 
tefdbte liquid, may have been'stedlkcd by UltrotiDDL The fin^^l empty 
conxou)er components would ^bably -be dterifizbd by hsal; dry heat 
b^ng employed &r glass vials' ami an antcidave besDC.^c^fdyed fbr 
rubber closures. The areas of cdtkal.coiicGrn arc tKft^ nAmediate mi- 
crobial envirotmicDt wh^ Uies'e presterilizald |coiDp6nent$ are' ex- 
posed t&ring assci^ly to produce' Ae igdshed idbsage fbon and=the 
aseptic filling 'operafioiL " ' ' ' 

- The regpiiremefits for a picpcdy- deaf£ned» validated and miaar 
tamed filling or other'ascptic processn^g ficiH^'aie niainly direeiod 
to (i) an air environmcirf jprce fiom viable jOPtciroo^lgaiL^kns, of a proper 
design to penoit efEedive^nainteizaiioe of^ si^pl^ units and (ii) &e 
provision' of trained opcratin|^ pera^imet wn'o are ade^tcly 
equipped* and gowned. Ttkt d&ir6d eovjromnent may be ii^jUftvcd 
thibu^ the hxgb level of atr ^Mtion technology now-av^tdSe^ 
ivhich con&ibutes to the dclxvC[y,orair of the lei^te miiitobjjSfi^- 
cal quality.^ The txaMes mcludcboth priffiOty (m tfie vicinity 
oqtdsed actscie) aad secondary (wbeic dbt^-aac^c pxocessing^i^ car- 
ded our) bamet Jystema. " '" • : 

For a pcooeH)^ des^ned asej^c processing &ofl^ 
ardi, consioei^lionshoaldbe gtven to nK^fbati^ as ndnporous and 
smooth surfaces^ includiiig'^alla and'ceflings^diat »nlae'saattj2ed 
freqoentiy; gcrwamg KK3m5 with adtqudtte space fbr'peisormill 9aKid 
stoA^e of sterile ganncms; adequate sepax^on of pfepoiatoiy looma 
for petso&nel fiomfinalascpde proce8$)ng rooms, wim the availabDr 
iiy wljyere necessary 6f sueb xlcvices 'm aiJlocks ac(^yor<air abowtis; 
pioper pressure dlficnsatiaU heoyeen rooms; jhe mc si positive jn^ 
sure being m ^ asqitie proceasiiig rooms or areas; 
of laminar (unidircctioiud) .airflow m the Immediate vicmilty of ex- 
posed product or components, a^if^tered ait i^ocuxe llieKeto,:^^ 
adfi^atc air change ficqucac^^^^propr^atel^^ 
environm^ital controls; .-ai^d a ob^umenl^' sattullUiUioD program. 
Proper training of personnel in hygiemic «pd ggwmzig techniques 
$jbiOuld be undenakEn $q that, for example gowns, gloves, .and dber 
body.ooveringssubstantialiy cowe}q>c^.6kmi&^ ^ ry . 

Ccrtificatioa and.vaHdazion of the aseptic prpccsd {tfidJacili^ $rt 
adxievcd.by cstablishhi^ Uie efgcjeqcy pf the fiJhxanon: systeans; by 
en^loyin^ microbiological cnviroimieaital monitoring procedi^es, 
by procesamg of sterile culture medium, simiOa^ prodncL 

MotuQoimg of the aseptic fiicility should include ptsdodic eDyiico^ 
rnenral ifilterexaminafion as wdl as nrntmc p^ttioulate and-miopobio- 
^logical environmental fzu^nitozing.- and may {nchsde-perioi^ -sterile 
cuture asisdium processing, 

Sterillty^ Testing of Lots 

:ft.should be^nteogmzod that&e.rcfcioe sterility tostinigbi not de- 
tect- microbial cdxttatmnstioii if prdseoit in only a sm.all ceibeaiaga of 
^ finished articles in the lot beco^^ the specified nu^eii oi^umts to 



^ Availsbk publisfaed 
fbUowxBCf: - (1) Fi ' 



„ , ^ , < „.w™ — Room awi'Woifc SaiiA^ 

Reqismaeats'fi^ j^wn^p; -^,04^ 197,1; (2)'J^ASA- ftw- 

dard tor Clean Room ^'VMnk $iBEiana^.t^fi!sobiU]y!CC!D(io]lai Krvivon- 
msnt, pi^ttcation NHB5340^, AuE..»l967'. (3) COAiaminaimQ Cralml of 
Anoflptee FfdliSea, U. S» Aif'Force, TO, 00p25-Z03 vDcL 1972, t^sam 
M Oct. 1974. '^r^ 
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-be-taketxafKqMM^s^gt^cant stadstical'llnniatioii on tfacvtilicy of ihe 
ttfiC lesuttB^^s .b^TT^nt, U»»Qtioiv^u^^i^^; ^ be- accepted 
since cuntm icnowlcdgc of&xs no nondsstruc^ alternatives ta^iisr 
Ai*t*<fcm«ig ftip x^icrobiolo^caJ qualrcy of evexy fmi^ed article itii the 
lot, flfid ft u not & fai^leraption to mcita^^e the ntuober of specimens 



For smW lois, in the case of cither aseptic filling or terminal sier 
ilizati^n, if ihc number of final containci'S in the lot is betweealo a^n 



200, about 10% of chc corttnincTB should usually be iomccI, if U^cnu 
ber of final conJaitien; in the lot is 20 cr less, not fewer ^ 2 S 
containers shouU) be tested. 



The primaiy xaeaoS or$i^pO£Cin^ ci&sxn a loi of finished 
aiticles ppzpoxting to be. sterile meets. &e $|;(^igc2iidii£ copsist of 
tbe.docuttent^tipQ qf^^c acudl prodwon md ^lerilization iecQQr4 
Df^e'tot aodof thGiaddxti9];uiI va]i|latioi\ records ihot the stenlizatic;; 
proces^^posse^sed the c^^nity of totaUy mACtivatmg^ ^ e^tabll^ed 
p(rodxiC£ mlqsobial buidpa-.or a tt>ore r^istont challenge. Fux;ther» ix 
shouldbe d^omtent^ ,M proce$smg '^cps kyolvjn^ exposed 
pgrodoct ftUo^g 1^ .stezilizatiqn pTOcecttite aie pdfbnned tec an 
asepti^.pipt^, tO/pcevexit.oontamist&iion' If datadecvcd tos$ Hnt 
nun^ictoriog t^roc^ ,$ieriiity sssursis^c validadozi studies aad fyxn 
b-pfoc^ coEtroU jt^ed to jitimde gicati^ a^smaace diac the lot 
tneeis ihe leqairc^ lew piob4>iHzy of coataming a coptamitnted miit 
(^c^pdied (D;Stedfi^tB9^ anj($ dmwn fiom 

^ Iq^ aisy steo{i^«t»t proco&rea adopted rmy be mupmal, or dis- 
peii9^ ^th'ox; a oxutbc bs^, Hov^efver) asstumiig thi^ an of .the 
above E)[pdu£tioa <^iteii2. ha>^ bt^ pxt^ it Dm still be desirable to 
peij^i^^i^il^^es^oAsample^Of^e^ Sadb 

tuted i^iS'Vin]^' product qfuality: coati^l tesr Sterility tests gooploytd 
in diis 'vv^y.j£^ me&u&cnirmg contiol should not be con^isod 
ttiosc dcscrS^ under i?fe^rf£tf>^TOT^ (71). Tbpproccdijral^detjuls 
may be Ibe sank wiUijD^pid to mcdie, ioooiIa aiad handling of speci- 
mens, biit tbe tmtnber f^umts.and/or incub^ti^ thne(5) selectcdfor 
teslziigfiiii^. diQbi Tkt xihmb^j^ioald be chO£e& relative to the pur- 
pose to be served, iqLy aj^tdijog to^he&cr gnoeiter or lesser leliancc 
fBpkqedanstciiHfy testing m the jooiitexttofaUithcmed^^ 
U^^assaignce zn lU'Triiff'^r^ Also, longer tiioes of inciibatioa- wonld 
ttuike^thetestin^rc scositiye slow-growing imci^porg$ai$nis. Iti flie 
gn3)^promotioii. tests fbr media» sadi slow growm^pKitiinilfirly if 
isoU^ £toin pioduct.im<aeo|^li&l ^nrden» should be mclcded wjfli 
the test stains. Kqgafeve or jwiisfeGtory stsnJafy test results serve 
Qnly^:fiiithi^«supiK>itof^ccjddimg evidence conceniizigfhc quality 
of dse Ibt'if dll of tHe pcitzEcnt production cecozds of. the 'lot are' in 
ofdpr and the sterilizing oz; asepde pmcess is knpwxi to be cfikctiye. 
UfiSAiis&ctxny test icsnltj, hOWever> in tnanu&ccbdsg quality ooaliol 
ixu^eae a need for fuxtfai? s^on (see vndixj'isifomance, Observa- 
^11, and iaerpretGtfony , ^. 



- I]EFI{^0N0PAU)T.A^^3EtECTIONQFSPK 

- Aitiric^'may be terminally sterilized eitiia^in aitainber or by a 
oontinuotss process. Tn chamber process^ a number of articles 
are'stedlized sinuihaDeoudly iuider dQnizolle4 coudidozis^ for c%azn- 
I^le; m a stcsn^ aetoelsve^'s^ ^ fbr tSie i^inpose of stedlify testing, 
ther tet is tonside[e4 tc^'be ^e^cotitaots of a siiijgle chambei; h & 
coiitixiiibiiS'piilKi^'thb aitides ait ^oHilzed individnally and bonso- 
cuiively, for exao^le, by 'exposure to elec^ipfv^^eaiQ radiation, so &at 
the lot iS'OonsidQi^ to be not laigcr than^die t6tal nuniber of sunibr 
itoms subjected to tidibnn stssilizittion &f a penod of not more th^ 
24 iioms. •''!•■.*' » 

Fdr asqaicm^ihe tEtm'**filiLfig cpcration'* describes a group of 
final cosiiasnets,'. idimieal 'in' all zesptsfcts; Hat have been aseptically 
filled yAb tbe same-prodoet fiom die same balk "vcithin a j^eriod of 
time oot'tocger -than 24 consecutive haurz .without an -ifitem^tion 
or change that would affect Ac integrity o^Nihe filliug assembW. 
l^e items tested should be xepiGsbtitstive of eatb tiHing assembly 
andahould be sdecM at appxopiriate intcfvals tlsrougbout the entire 
fining qpetatic^lNij^ fiian Haw filling machines, cat^ with diher 
sis^e or amldple'filuDg statibxis, are used fbr fflling a sin^c jlot, a 
niimhiuffli of^afilledfaoflqtaipeis (aotless<faa3iI0pciiDo^uni$ should 
bclBSte4fi»e9^1tagmachm^buct}ieio(al4^ 
not exceed a>e^icoMaers. "i • - .-^n. 



! . RctdUMcUve'PhormcmU^jPn^^^ tadLoacdve. decay, 

ic \B not .1$:as^lc to delcy the rdcayc Qf some zadkiaottvt phfiilxiaceupa^ pzO- 
<liiGte b (mlcr to compl^frtccUity tcstll on (heoL h} ^ 
Ufy. tcMs provide .^y.^eitospeetive-coiiflfmaiojryeviiJence for eteriUty 
yjflifa iicc; ^^tti OiBfofeidojwnds da die pnmaty.mcara dioeto ^sa^ ^hr^} 
isk'ibs uwiHiftrtniing and validation/oeilificjidon p^eedEIEes, 
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Perfonnance; Observation, and diterpret&tion 

Tbc Facility for fiieriltty testing slioulci be such iis to offer fto greater 
» microbfal challcnj^e lo the ^ftidcs bchig tested Lhan rhtit of an «sc^ 
tic processing produciion facility. Tha steriliiy tcsxin^ proceduie 
should be pcrfbimed by indivictuals hj^ving a high level of aseptic 
ceclvnique proficiency. The test perfomiancc records cfthe^c m^vi^ 
duoLs should be documcnied. 

Thc! exienisive aseptic manipulations required to perform sterility 
testing Tuay result In a probability ornonproduct-relatcd contamina; 
tion of thc prcltT of 1 0 \ a level similar lO the overall efficiency of 
aseptic operation and comparable to the; microbial survivor piobiil* 
ity of as^tically pnjce^fied articles. Tl*is levrl of pipbabiliiy agr 
nificantly greater thEn that ustjally aciribuccd io a tcraunal sicnlizatioa 
procesSj namely, one in one million or 10'^' microbial siirvivot proV 
ability. Appropriate, known-to-be-fjieriic, finished articles siiouid be 
employed penodicallv as negative conii'ols ^$ a check on ihe reliabil- 
ily of the test pfocedufc. Preferably, t^e ted^nicJans perTaimia^liie 
tc^i should be unaware thai they are nesting negative controls. Of 
Lheyc tests, a ialse positive frequency not exceeding 2% is dcsimbk- 

For aseptically processed articles, these facts suppoil thc lomiTC 
use of the lesi set forth under SmrilU}' Ti2s(s (71) or a more clabojafe 
one. The produciion and validation documentation should be aaep- 
tftble and coniplelc. For effectively terminally aterilagd p^oduct,^, 
however, thc lower microbial survivc-r probability may direct ih^ 
use of a less extensive tc$i (han the compendial procedure specified 
under Sierllhy Tesfs (TJ), or even preclude thc necessity Altogeiber 
for performing one. This added feLiability of sterility assumnca of 
lerminal sterilizadon depends upon a properly validated !ind docu- 
inenied sierillTation process. Sterility t<>sclng alone is no substitute. 
Interpretation of Quality Control Tests— Thc overall responsibility 
for the operation of thc. test unit and ihe interpretation of test icsul^ i(\ 
relation xo acceptance or reject io>^ of a loi should be in the hwds of 
thoJie who have appropriate form^^ training in raicrobioloiiy and have 
knowledge of indusrrial stciilizatioii, afiepdc processing, and thesta- 
listical cgncepcs involved in sampling. Tlie$c individuals j^hould be 
knowled^hl* ftljo concerning the ttivironinenial control pfogram 
in the te$l facMicy to assure that the rnfcrobiological cpmlity of thc 
air pnd critical work surtaces arc consii^cntly accepiabic, 

Quality control sterility le^ts (eiiheraccording lo the official referee 
test or jnodlficd teste) may be carried out in two separate stages in 
order to rule out fal?c posiiive result?. Firs^f SfcM, Regardless of 
the sampling plan used, if no evidence of microbial growih \f fojjad, 
the results otuie test may be taken as indicative of absence of intrinBic 
eonraminatton of the loc. 

If nvicfobia) gfowth is found, proceed lo ihe S^md S^age (unless 
the First Siage ie<it can be invalid aicd). Evidence fbr invalidating a 
Finr St/f^E ic$l in order co repeat it as a First Stof^c test may be ob- 
t:ainc<l from a review of the testing cn^iroTiTnenT and Ihe relevant re- 
cord? lhcn^to. Finding of microbial growth in negative conttols nficd 
not be considcral 'he SOlt grounds for I'nvalidafins; a F/m Stage (est. 
When proceeding to the !9scond Stage^ particuUrly where dcpflftding 
on the results of thc test for lot release, concurnendy. initiate and 
document a complete rcvicvi/ cf all npplicable productiOD and control 
records. In ibis review, coiL^tdcra^ion j;h0Lild be p^iid w the folbw- 
ing: ( 1 ) n check on monitoring records of ihe validated steriUzatioa 
cycle applicnblc to the product: (2) sterility <c5t history relating to *«i 
parricular product Tor both finished and in-proccs-S samples, as well as 
sterilization records of supporting eqjipmenr, conininer^i/closufcs,, 
and fitei'ilc componcnt.s, if any; and <3) environmentiil control ualfl, 
including those obtained from media -.Dls, cxpo,sure platen, filleting 
lecords, any sanitization records and mit^robiai inoniiodn^ pftcords 
of opcraiOTis jj'owns, glovcs, aud prbing prticcices. 

Falling any lead from the above review, thA current microbial JlO- 
filc of thc product j>hiiuld be checked against Uic known historical 
profile for possible change. Records should be checked concoaii' 
tantJy tor any changes in source orpfi>ducc components and/or jn-fflj^ 
cesstfl^ procedures that might be coiuflhutoiy. Depending oa^ 
findin^pi. and in extreme cases, con.Hideration may liavc lo 
(0 PC-^ulidfltion of the total manufactunnsj process. For the -Scc^^ 
Stage, it is not possible to specilV a pmticular nirmber of 5pc«tB8°' 
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